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Abstract 


This  report  is  intended  as  a  ready  reference  concerning 
the  standard  underwater  sound  transducers  developed  by  and 
available  from  the  Underwater  Sound  Reference  Division.  It 
also  summarises  a  few  of  the  highlights  of  many  years  spent 
in  investigating  materials,  design,  and  construction  tech¬ 
niques  to  satisfy  the  requirements  of  widely  varying  under¬ 
water  sound  measurement  problems.  Twenty-nine  appendixes 
present  descriptions  and  performance  characteristics  of  as 
many  individual  transducer  types. 


Problem  Status 

This  is  an  interim  report  on  the  problem. 


Problem  Authorization 

URL  Problem  S02-31 
Project  RP  11-121-403—4472 


Manuscript  submitted  8  December  1972. 
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TWENTY  YEARS  OF  UNDERWATER  ELECTROACOUSTIC  STANDARDS 


Historical  Background 


At  the  end  of  World  War  II,  the  Navy  Underwater  Sound  Reference 
Laboratory  inherited  from  its  predecessor,  Columbia  University's  Under¬ 
water  Sound  Reference  Laboratories,  a  small  inventory  of  hydrophones  and 
projectors  consisting  principally  of  standards  developed  by  the  Bell 
Telephone  Laboratories  (BTL)  during  the  early  war  years.  The  designs 
were  remarkably  good,  considering  the  urgency  of  development  and  the 
state  of  the  art  at  that  time ,  although  the  electroacoustic  response 
characteristics  were  a  little  less  than  smooth  and  the  difficulty  of 
repair  was  high. 


Transducers  available  at  that  time  for  issue  to  other  naval  activities 
and  their  contractors  included  the  crystal  hydrophones  (BTL  designations) 
type  5E  containing  45-deg  Y-cut  Rochelle  se.lt  crystals  and  type  3A  con¬ 
taining  45-deg  2-cut  ammonium  dihydroge-  hosphate  (ADP)  crystals,  as  well 
as  the  crystal  transducers  types  5A  and  6B.  In  all  these  units,  metal 
diaphragms  soldered  around  the  periphery  protected  the  crystals  from  water 
entry  into  the  housing.  In  this  respect,  these  transducers  were  superior 
to  many  types  developed  much  later. 


Two  moving-coil  (dynamic)  transducers,  types  IK  and  4B,  were  avail¬ 
able  for  use  as  sound  sources.  Each  of  these  was  fitted  with  a  beryllium 
copper  diaphragm  and  permanent  magnets.  Hydrostatic  pressure  was  com¬ 
pensated  in  the  IK  by  an  air-filled  rubber  bag.  An  integral  part  of  the 
4B  housing  was  a  high-pressure  air  tank  from  which  air  was  admitted  to  the 
chamber  behind  the  diaphragm  through  a  solenoid-actuated  valve.  The 
solenoid  was  energized  by  a  microswitch  that  was  tripped  by  a  float. 

When  this  mechanism  was  properly  adjusted  and  a  source  of  voltage  for 
operating  the  solenoid  was  provided,  the  transducer  was  quite  reliable. 


An  additional  BTL-designed  hydrophone  that  was  available,  although 
little  used  after  World  War  II,  was  the  pressure-gradient  type  2A.  The 
sensitivity  was  low  and  the  model  was  physically  rather  delicate.  The 
sensor  in  these  hydrophones  was  protected  from  the  water  by  a  thin  metal 
housing  covered  with  a  coating  of  neoprene. 


The  first  few  years  after  the  Navy  took  over  operation  of  the  USJRL 
were  devoted  to  learning  how  to  repair  or  rebuild  these  BTL  units  and  how 
to  modify  them  to  improve  their  characteristics.  It  was  not  unusual  for 
repairs  to  require  two  to  three  weeks  in  those  days.  In  contrast,  fwo 
or  three  days  suffice  for  the  newer  standards. 
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It  has  been  more  than  twenty-five  years  sinae  the  Navy  assumed  the 
operation  of  the  USRL,  now  the  Underwater  Sound  Reference  Division  of 
NRL,  and  began  the  development  of  standard  transducers  for  calibration 
of  underwater  electroacoustic  sonar  transducers  and  other  acoustic  de¬ 
vices.  During  those  years,  twenty-four  different  types  of  standards 
have  been  developed  for  use  in  the  frequency  range  from  0.3  Hz  to  2  MHz. 
These  transducers  are  now  in  widespread  use  throughout  the  Navy  and 
industry,  and  have  completely  displaced  the  earlier  BTL  models.  In 
addition,  a  hundred  or  more  unique  designs  have  been  produced  for  use 
in  special  measuring  systems. 

An  interesting  fact  is  that  the  two  oldest  USRL/USRD-designed 
standards  in  use  currently  were  designed  for  the  lowest  frequencies 
(type  Hll)  [l]  and  the  highest  frequencies  (type  E8)  [2].  Both  of  these 
standards  contain  crystals  of  lithium  sulfate,  which  has  proved  to  be  the 
most  reliable  and  predictable  piezoelectric  material  for  many  standard 
transducer  designs,  especially  those  for  use  at  high  hydrostatic  pres¬ 
sures  and  over  a  wide  temperature  range.  A  unique  feature  of  the  type 
Hll  is  the  Teflon  acoustic  window  with  its  low  water  permeability,  which 
has  bean  used  since  1953.  Using  the  fluorocarbon  for  the  acoustic  win¬ 
dow  rather  than  natural  rubber  or  polychloroprene  elastomer  increased 
the  lifetime  for  underwater  submergence  from  less  than  3  months  to  more 
than  10  years.  The  only  other  elastomer  whose  water  permeability  even 
approaches  the  lew  value  for  Teflon  and  at  the  same  time  provides  a 
better  rho-c  match  with  water  is  butyl  rubber.  The  type  H17  hydrophone 
[3],  which  is  used  from  20  Hz  to  150  kHz,  was  the  first  USRL  design  to  be 
fitted  with  a  butyl  boot  (1959). 

Most  of  the  standards  developed  during  the  first  15  years  were 
designed  for  laboratory  use  rather  than  for  measurements  in  the  sea. 

To  make  certain  that  superior  acoustical  characteristics  were  achieved, 
a  minimum  of  physical  protection  was  provided.  Some  of  the  materials 
used  were  satisfactory  in  contact  with  fresh  water  but  corroded  when 
immersed  for  extended  periods  in  salt  water.  Fortunately,  alloys  with 
high  copper  content  and  butyl  rubber  boots  or  covering  were  chosen  for 
many  designs.  These  materials  have  proved  to  be  superior  in  the  salt 
water  environment.  Housings  of  type  316  stainless  steel  in  contact  with 
salt  water  developed  crevice  corrosion  at  some  of  the  seals. 

Although  the  earlier  standard  hydrophones  were  designed  with  as  little 
support  structure  as  possible  around  or  near  the  sensor  element,  it  was 
found  subsequently  that  expanded  metal  can  be  formed  into  cylinders  and 
used  as  a  support  member  for  the  sensor  element  as  well  as  to  provide  a 
strong  protective  guard  without  seriously  affecting  the  acoustical 
performance.  A  certain  amount  of  electrostatic  shielding  also  is  fur¬ 
nished  by  the  expanded  metal.  This  design  feature  has  been  incorporated 
in  transducers  for  use  at  frequencies  as  high  as  80  kHz  with  little  or  no 
effect  on  the  directional  characteristics.  When  additional  electrostatic 
or  magnetic  shielding  was  needed,  thin  sheets  of  dead  soft  iron  or  flat¬ 
tened  expanded  metal  with  a  very  fine  mesh  has  been  used  arouud  the 
heavier  expanded-metal  support  frame.  These  thin  expanded  materials 


do  not  affect  the  acoustical  characteristics  at  frequencies  as  high  as 
200  kHz. 


Standard  Transducer  Development 

The  primary  objective  of  USRD's  underwater  electroacoustic  trans¬ 
ducer  development  has  been  the  design  of  transducers  whose  acoustical 
characteristics  are  stable  and  predictable .  Transducer  sensor  elements 
have  been  kept  as  simple  as  possible.  All  pressure  release  materials 
like  corprene,  air  cell  rubber,  and  other  materials  whose  acoustic  or 
mechanical  characteristics  change  markedly  as  functions  of  temperature 
or  pressure,  have  been  avoided. 

In  general,  sensor  element  materials,  whether  natural  or  man-made 
piezoelectric  crystals  or  ferroelectric  ceramics,  usually  are  more  con¬ 
sistent  and  predictable  than  are  the  mechanical  mountings,  housings, 
acoustic  pressure-release  materials,  potting  compounds,  and  elastomers 
used  in  transducer  construction. 

Most  USRD  standard  hydrophone  designs  call  for  lithium  sulfate 
crystals  with  a  natural  rubber  support.  Lithium  sulfate  is  a  volume 
expander  and  does  not  require  that  some  of  the  surfaces  be  masked  with 
an  acoustic  pressure-release  material  to  produce  an  element  sensitive  to 
small  acoustic  sound  pressures.  Its  volume  resistivity  is  high;  there¬ 
fore,  it  can  be  used  to  frequencies  as  low  as  0.3  Hz.  adp,  on  the  other 
hand,  does  require  such  masking  if  it  is  to  have  adequate  sensitivity, 
and  its  volume  resistivity  limits  its  use  to  frequencies  higher  than 
10  Hz. 

When  it  has  been  necessary  or  desirable  to  block  the  radiation  in 
one  direction,  this  has  been  done  by  using  a  high-density  material  with 
a  high  Young's  modulus.  Pure  tungsten  or  alloys  such  as  Kennametal  or 
Mallory  1000  have  been  used  with  good  results.  Lithium  sulfate  crystals 
cemented  directly  to  disks  or  blocks  of  these  materials  have  produced 
sensor  elements  that  are  little  affected  by  hydrostatic  pressure  or 
temperature.  The  F30  transducer,  whose  electroacoustic  characteristics 
are  independent  of  hydrostatic  pressure,  is  a  good  example  of  this  kind 
of  construction  [4]. 

Ferroelectric  ceramic  tubes  have  been  used  in  a  number  of  transducers. 
Here,  again,  removal  of  all  passive  materials  whose  characteristics  are 
functions  of  hydrostatic  pressure  or  temperature  was  required  to  achieve 
the  desired  stability,  which  led  to  the  use  of  capped  tubes  usually 
supported  by  a  single  natural  rubber  ring  around  the  center  of  the  tube. 
This  construction  prevents  the  sound  pressure  from  reaching  the  inside 
of  the  tube  and  produces  about  the  optimum  sensitivity  for  a  simple 
construction.  The  single  rubber  mount  keeps  the  acceleration  sensitivity 
low  without  complicating  the  design. 

The  end  caps  have  been  made  of  glass,  fused  quarts,  magnesium, 
beryllium,  aluminum,  alumina,  or  steel.  This  arrangement  has  produced 
sensor  elements  whose  characteristics  usually  are  independent  of  time. 


temperature,  and  pressure.  Even  though  the  values  of  several  of  the 
ferroelectric  ceramic  parameters  are  a  function  of  time,  the  receiving 
sensitivity  of  these  standards  has  changed  less  than  0.5  dB  during  a 
5-year  period.  The  free-field  voltage  sensitivity  changes  as  a  function 
of  temperature  in  the  range  5  to  30°C  and  of  hydrostatic  pressure  in  the 
range  from  0  to  3447  kPa  by  less  than  the  normal  accuracy  of  measurement 
(±1.0  dB) . 

Most  USRD  designs  for  operation  at  high  hydrostatic  pressure  have 
contained  volume  expander  sensor  elements  of  lithium  sulfate  or  lead 
metaniobate.  In  some  applications,  however,  pressure-compensated  oil- 
filled  capped  ceramic  tubes  [5]  are  used  with  excellent  results  up  to 
static  pressures  of  58  MPa  (5800-m  depth) .  Acceleration-balanced  mounts 
and  a  predetermined  orifice  size  regulate  the  sensitivity  at  low  fre¬ 
quencies.  The  orifice  diameter  must  be  computed  for  the  operating 
environmental  conditions  (temperature  and  hydrostatic  pressure) ,  if  the 
exact  frequency  of  the  response  roll-off  is  important. 


Coupling  Medium  to  Sensor 

Almost  without  exception,  all  of  the  standard  hydrophones  have  con¬ 
tained  Baker's  DB-grade  castor  oil  as  the  coupling  medium  between  the 
elastomer  boot  and  the  sensor  element.  Only  in  applications  where 
change  in  viscosity  as  a  function  of  temperature  or  compressibility  of 
the  fluid  was  the  more  important  consideration  have  silicone  fluids  been 
used.  Castor  oil  has  the  advantage  of  being  compatible  with  most  materials 
used  in  transducers,  including  the  olastomeric  boot.  It  is  less  expensive 
than  silicons  fluids  and  far  Isos  irritating  to  the  skin  or  eyes  of  the 
workers.  Experience  with  castor  oil  in  more  than  2000  transducers  during 
a  22-year  period  has  proved  the  reliability  and  value  of  this  coupling 
fluid.  Castor  oil  whose  viscosity  has  been  reduced  by  additives  or 
chemical  changes  is  not  compatible  with  some  elastomers. 


Moving-Coil  (Electrodyntmlc)  Transducer 

Development  of  the  USRD  type  J9  [<*J  m-'vinq  -evil  transducer  for  use 
as  a  sound  souroe  in  the  audio-frequency  rnv.ju  4<>  to  20,000  Hz  has  con¬ 
tributed  extensively  to  measurement  accuracy  <»n.j  is  considered  an  out¬ 
standing  achievement.  This  transducer  end  its  higher  powered  companion 
type  Jll  ere  used  in  underwater  calibration  measurements  worldwide  by 
both  naval  and  commercial  aotivitiee. 

The  newer  types  J13  and  J15  have  increased  the  source  strength  that 
can  be  obtained  in  the  frequency  range  10  to  600  Hz  from  small  sound 
sources.  The  J15-1  will  provide  s  level  of  170  dB  re  1  uPa  at  50  Hz> 
the  J15-3  can  produce  180  dB  r#  1  uPa.  The  J15  transducers  with  a 
closed  gas  compensating  system  can  be  used  to  depths  from  165  to  240  m 
without  high-pressure  gas  bottles  or  scuba-type  pressure-regulating 
equipment. 


USRD  Stock  Standards 

USRD-deve loped  standards  include  both  hydrophones  (receivers)  and 
transducers  (reversible,  sources  or  receivers).  Hydrophones  are  equip¬ 
ped  with  preamplifiers  and  normally  ran  be  used  only  for  receiving. 
Transducers  can  be  used  as  the  reversible  auxiliary  transducer  in  reci¬ 
procity  calibration  measurements.  Each  hydrophone  is  sent  to  the  user 
with  its  own  calibration  curve.  Most  of  the  projectors  are  furnished 
with  only  an  instruction  book  con.  lining  a  typical  calibration  curve, 
which  is  adequate  for  determining  whether  the  projector  is  functioning 
properly. 

Transducers  usually  used  both  for  receiving  and  transmitting  are 
provided  with  free-field  receiving  sensitivity  and  transmitting  voltage 
response  calibration  curves. 

It  usually  is  better  practice  to  determine  the  sound  pressure  level 
(SPL)  by  inserting  a  standard  hydrophone  into  the  sound  field  and 
measuring  the  sound  pressure  than  to  rely  on  a  transmitting  current  or 
voltage  response  curve  for  that  purpose.  Widely  varying  environmental 
conditions  and  the  presence  of  objects  or  boundaries  near  the  measure¬ 
ment  location  cam  cause  variation  of  the  SPL  that  may  not  be  apparent 
if  total  dependence  is  placed  on  the  transmitting  characteristics  of  the 
projector. 

Approximately  600  experimt ntal  models  ox  hydrophones  have  been  con¬ 
structed  and  calibrated,  Fr'mt  these  have  evo.ved  64  different  types, 
providing  designs  to  meet  almost  any  measurement  problem  in  the  frequency 
range  below  150  kHz .  Hundreds  of  other  transducer  designs  ranging  from 
probes  2  mm  in  diameter  to  sound  sources  30  cm  in  diameter  and  weighing 
150  kg  have  been  evaluated. 

The  Appendices  contain  data  for  each  USRD-developed  standard  trans¬ 
ducer  that  is  stocked  in  sufficient  quantities  to  make  it  available  for 
issue  to  other  users.  Although  there  may  appear  to  an  overlap  in 
frequency  range  of  many  transducers,  each  ha*  its  own  special  character¬ 
istics  (directivity,  low  noise,  high  sensitivity,  stability  at  great 
depth,  high  output)  that  make  it  uniquely  suitable  for  a  particular 
measurement , 

Transducers  developed  by  the  USRD  have  been  designated  in  the  same 
manner  for  more  than  23  years.  The  letter  prefix  indicates  the  general 
type  and  the  digits  are  the  model  number.  Prefixes  are  explained  in 
Table  i. 

The  data  preserved  for  each  transducer  in  this  report  have  been 
taken,  for  the  most  part,  from  the  instruction  books;  however#  some 
additional  data  are  given  here  for  the  self-noist  of  the  hydrophones. 
Figure  1  gives  an  overview  of  all  the  transducers,  providing  a  ready 
reference  for  the  operating  frequency  range  of  each  as  a  receiver,  a 
source,  or  both. 
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Prefix 


'll 


Table  I.  Transducer  type  designations. 

Type  of  transducer 

A  Probe  transducers  (usually  have  preamplifier) 

E  High-frequency  transducers  (operate  above  150  kHz) 

F  Reversible  transducers  (1  to  150  kHz) 

G  Miscellaneous,  unique,  unusual  design 

H  Hydrophones  (with  preamplifier) 

J  Moving-coil  (electrodynamic)  transducers 


Calibration  of  Standard  Transducers 

Each  standard  transducer  is  calibrated  throughout  its  normal  opera¬ 
ting  frequency  range.  The  free-field  voltage  sensiti . f ty  of  hydrophones 
end  reversible  transducers  usually  is  determined  either  by  the  comparison 
(a  secondary)  or  the  reciprocity  (a  primary)  method.  Both  of  these 
calibration  methods  have  been  fully  discussed  in  the  literature  by 
Bobber  [7]  as  well  as  many  others  and  will  not  be  elaborated  here. 

Standard  transducers  also  are  calibrated  in  closed  tank  systems 
where  temperature  and  hydrostatic  pressure  can  be  controlled  to  simulate 
deep  ocean  conditions.  The  normal  calibration  range  is  from  2  to  30°C 
and  from  0  to  70  MPa  (simulated  depth  of  7000  m) .  The  maximum  depth 
that  can  be  simulated  at  frequencies  from  4  to  500  kHz  is  700  m.  USRD 
electroacoustic  calibration  systems  cover  the  frequency  range  from 
0.3  Hz  to  2.0  MHz. 


Availability  of  Transducers 

USRD  maintains  a  calibrated  stock  of  approximately  1400  standard 
transducers  that  are  available  to  qualified  activities  for  use  in 
research  and  development  or  underwater  electroacoustic  measurement 
programs.  A  service  fee  covering  a  period  of  one  year  includes  the 
cost  of  calibration  and  maintenance  of  the  transducers.  A  replacement 
is  provided  if  the  transducer  fails  or  is  damaged  during  the  service 
period.  Standards  normally  are  to  be  returned  to  USRD  after  one  year 
for  preventive  maintenance,  repair  or  modification,  and  reoalibration. 

Additional  information  about  the  soiencific  and  technical  services 
available  from  the  USRD  can  be  found  in  the  USRD  Services  Schedule, 
which  is  available  on  request. 
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Appendix  A 


Type  A4I 
PROBE  HYDROPHONE 


Diners!  Description 

The  UXN)  type  Mi  probe  hydrophone  was  designed  to  be  need  ia  an 
underwater  sound  measurement  standard  for  application*  in  whioh  the  sound 
field  feeing  Measured  must  he  disturbed  as  little  as  possible  by  the  pres- 
enee  of  the  probe*  figure  hi  is  a  photograph  of  the  hydrophone. 


Fig,  A!.  USW)  type  MR  probe  hydrophone. 


The  sensitive  element  is  a  3,8-wm-diam  by  3,2-sm-long  load  siroonate- 
titanete  ceramic  cylinder  with  0,79-mm  wall,  capped  with  3.2-mm  by  0.79-nun 
magnesium  caps,  and  mounted  on  rubber  supports  in  a  castor-oil-filled 
butyl -rubber  boot,  ’ 

h  solid-state  preamplifier  within  the  probe  provides  the  high  input  t 

impedance  and  furnishes  an  intermediate  impedance  to  e  second  stage  of 
amplification  located  in  a  separate  box  at  the  end  of  the  cable. 

Normally,  the  hydrophone  is  supplied  with  9  m  of  2-conductor,  shielded, 
vinyl -covered  cable,  which  is  bonded  to  the  hydrophone  and  terminated  by 
an  AN3106A148-&P  connector  that  mates  with  an  MS3100C-14S-SP  receptacle  on  • 

the  amplifier  box.  Longer  cables  can  be  uaed,  however,  with  a  reduction 
in  dynamic  range. 

Specif lest Ions  j 

Frequency  range:  100  Hs  to  200  kHs  J 

Free- field  voltage  eeneitivity:  -217  dB  re  1  v/yPa  (nominal,  to  j 

20  kHs)  at  output  of  amplifier,  < 

with  9-m  cable  to  hydrophone  J 

6.9  NPa  (690-m  depth)  J 

0  to  3»*C 

Xthaco  Model  153B»  voltage  gain, 

0.99  1  1% 

100  0  nominal 

20  to  30  V  <l-c,  4  to  6  mA  | 

Hydrophone  with  9-m  cable,  0.4  kg;  | 

amplifier  box,  0,86  kg  1 

6  kg  1 
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A kmimum  hydrontatio  preeeure: 
Operating  temperature  range: 
Amplifier : 

Amplifier  output  impedance: 
Power  requirement: 

Height: 

Shipping  Height: 


r* ***  “ k*"1  * 


Amplifier 


The  high-input- impedance  ataga  is  located  within  the  probe  housing? 
the  low-impedance  output  is  from  the  amplifier  at  the  end  of  the  cable. 
The  amplifier#  cable#  and  probe  are  an  integral  electronic  unit?  they 
cannot  be  operated  separately. 

The  over-all  voltage  sensitivity  of  a  hydrophone  oonsists  of  the  sum 
in  decibels  of  (1)  the  voltage  generated  by  the  crystal  on  open  circuit, 
(2)  the  voltage  coupling  loss  between  crystal  and  preamplifier#  and  (3) 
the  voltage  loss  or  gain  of  the  preamplifier  operating  with  its  normal 
load.  The  impedance  of  the  A42  sensor  element  is  sufficiently  low  to 
ensure  a  negligible  aoupling  loss;  therefore#  no  provision  has  been  made 
to  measure  it.  The  voltage  gain  of  the  amplifier  is  0.99  ±  1%#  so  the 
sensitivity  of  the  hydrophone  is  specified  only  at  the  output  of  the 
amplifier.  The  wiring  diagram  for  the  A42  is  shown  in  Fig.  A2. 


Electroacoustic  Characteristics 

The  free-field  voltage  sensitivity ,  determined  from  free-field  meas¬ 
urements#  is  shown  in  Fig.  A3.  Typical  sensitivity  in  the  flat  region 
extending  from  10  Hz  to  >50  kHz  is  -217  dB  re  1  V/yPa. 

The  effect  of  temperature  and  hydrostatic  pressure  on  the  sensitivity 
of  the  A42  probe  hydrophone  has  been  determined  in  closed  tanks  under 
controlled  conditions  of  temperature  and  pressure.  These  measurements 
indicate  that  the  free-field  voltage  sensitivity  does  not  change  signifi¬ 
cantly  when  the  hydrophone  is  subjected  to  a  hydrostatic  pressure  of 
6.9  MPa  (equivalent  to  690-m  water  depth)  and  temperatures  from  5  to 
35°C . 

Figure  A4  shows  the  equivalent  noise  pressure  level  for  the  A42  probe 
hydrophone  as  measured  with  a  1/3-octave  filter,  a  General  Radio  1554A 
sound  and  vibration  analyzer,  and  a  low-noise  transistor  amplifier.  The 
hydrophone  was  shock  mounted  under  partial  vacuum  within  a  steel  chamber 
isolated  by  air  springs  from  building  vibrations  to  frequencies  as  low  as 
2  Hz. 

Dynamic  Range.  Figure  A5  shows  typical  A42  hydrophone  overload  pres¬ 
sure  levels  for  1%  distortion  in  output  voltage.  The  maximum  dynamic 
range  is  obtained  when  the  preamplifier  is  powered  from  a  30-V  d-c  source. 

Directivity.  The  A42  probe  hydrophone  is  omnidirectional  within  ±1  dB 
in  the  horizontal  (XY)  plane  at  frequencies  up  to  150  kHz.  Directivity 
patterns  in  the  vertical  (XZ)  plane  are  shown  in  Fig.  A6.  Because  of  the 
radiating  end  caps  on  the  cylinder,  the  beamwidth  in  the  XZ  plane  is 
approximately  half  that  obtainable  from  a  3.2-mm  line  with  the  ends  acous¬ 
tically  shielded. 


Preparation  for  Use 

Mount  the  hydrophone  in  a  fixture  that  can  be  clamped  around  the  case 
near  the  cable  gland.  Wash  the  hydrophone  thoroughly  with  a  wetting 
agent  or  water  and  detergent  to  prevent  adherence  of  air  bubbles #  which 
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can  cause  erroneous  results.  Before  any  measurements  are  made,  permit 
the  transducer  to  be  immersed  long  enough  for  the  temperature  to  stabi¬ 
lize  with  that  of  the  medium.  Figure  A7  is  a  dimensioned  outline  draw¬ 
ing  showing  the  orientation  of  the  hydrophone. 

Cautions 

Do  not  attempt  any  electrical  measurements  at  the  AN3106A14S-5P 
hydrophone  cable  connector,  because  the  first  stage  of  the  preamplifier 
may  be  damaged  thereby.  \ 

Note  that  the  probe  amplifier  system  has  a  positive  ground  and  that 
the  amplifier  box  ground  shields  the  entire  amplifier-cable-probe  elec-  j 

tronics  system.  j 

Reference 

I.  D.  Groves,  Jr.  and  A.  C.  Tims,  "Standard  Probe  Hydrophone  for 
Acoustic  Measurements  from  10  Hz  to  200  kHz,"  J.  Acoust.  Soc.  Amer. 

48,  725-728  (1970) „  j 


Fig.  A2.  Schematic  circuit  diagram,  type  A42  probe  hydrophone. 
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ftg.  A3.  Typical  free-field  voltage 
sensitivity,  type  A42  hydrophone;  open- 
circuit  voltage  at  output  of 
preamplifier. 
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Fig.  A6.  Directional  characteristics 
in  the  vertical  (XZ)  plane,  type  A42 
probe  hydrophone;  center  to  top  of 
grid,  each  pattern,  equals  40  dB. 


Fig.  A7.  Dimensions  (in 
centimeters)  and  orien¬ 
tation  of  USRD  type  A42 
hydrophone . 
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Appendix  B 


Type  E8 
TRANSDUCER 


General  Description 

The  USRD  type  E8  transducer  ie  a  calibrated  reference  standard  for 
the  frequency  range  200  to  1000  kHz.  It  is  not  intended  for  use  under 
high  pressure.  Figure  Bl  is  a  photograph  of  the  transducer. 


Fig.  Bl .  USRD  type  E8  transducer. 

The  active  element  is  a  2-cm-diaa  disk  of  lithium  sulfate  0.15  cm 
thick  cemented  to  a  corprene  disk.  A  pulse  transformer  with  the  imped¬ 
ance  ratio  20:1  approximately  matches  the  impedance  of  the  crystal  to 
that  of  the  transmitting  or  receiving  circuit  through  a  coaxial  cable. 

To  reduce  crosstalk,  the  case  of  the  transducer  is  connected  to  the 
shield  of  this  a able,  as  shown  in  the  circuit  diagram.  Fig.  B2. 

Specifications 

Frequency:  100  to  2000  kHz 

Free- field  voltage  eeneitivity:  -209  dB  re  1  v/ypa  at  400  kHz 
Maximum  hydrostatic  pressure: 

Operating  temperature  range: 

Maximum  power  input: 

nominal  impedance: 

Weight: 

Shipping  weight: 

Electroacoustic  Characteristics 

Figure  B3  shows  typical  equivalent  series  impedanoe  of  the  E8  at  the 
end  of  the  2.4-m  RG-62/U  coaxial  cable  normally  supplied.  Figure  b4 
•hows  the  impedance  at  the  end  of  a  7.6-m  cable.  The  typical  free-field 


340  kPa  (34-cm  depth) 

5  to  35°C 

1  W  c-w i  higher  when  pulsing  with 
appropriate  duty  cycle 

600  0  at  400  kHz  with  2 . 4-m  cable 

2  kg,  without  cable 
6.8  kg 
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voltage  sensitivity  shown  in  Fig.  b5  is  reduced  by  approximately  1  dB  for 
each  additional  1.5  m  of  this  cable. 


The  directivity  of  the  E8  transducer  is  very  closely  that  of  a  theo¬ 
retical  baffled  piston  2  cm  in  diameter,  as  is  shown  in  Fig.  B6. 

Preparation  for  Use 

To  support  the  transducer,  clamp  a  bracket  around  the  case  midway 
of  its  length.  The  axis  of  the  housing  is  the  same  as  the  acoustic 
axis,  which  is  normal  to  the  radiating  face.  Acoustical  alignment  is 
advisable  if  precise  orientation  at  high  frequencies  is  required. 

Figure  B7  is  a  dimensioned  outline  drawing  showing  the  orientation  of 
the  transducer. 

At  high  frequencies,  minute  air  bubbles  can  resonate  and  cause  erro¬ 
neous  results;  to  avoid  air  bubbles  on  or  near  the  rubber  window,  wash 
the  transducer  with  a  wetting  agent  immediately  before  immersing  it  in 
water.  Also,  so  that  air  bubbles  will  not  be  released  by  the  slight 
heating  effect  of  the  transducer,  insure  that  it  is  cooler  than  the  water 
into  which  it  is  immersed.  Permit  the  temperature  of  the  transducer  to 
stabilize  with  that  of  the  water  before  making  measurements. 

Operating  Notes 

The  E8  transducer  is  designed  to  operate  electrically  unbalanced, 
either  as  a  projector  or  a  receiver.  When  it  is  used  as  a  projector,  the 
impedance  of  the  driver  is  not  important,  unless  high  efficiency  of  the 
driving  system  is  required.  In  such  case,  the  optimum  driving  impedance 
for  the  required  frequency  range  can  be  determined  from  the  impedance 
curves.  Figs.  B3  or  B4.  If  the  receiving  response  calibration  furnished 
by  the  USRD  is  to  be  used,  the  transducer  must  be  terminated  in  an  imped¬ 
ance  high  in  comparison  with  the  impedance  of  the  transducer. 

The  E8  transducer  was  developed  for  laboratory  use  where  high  power 
levels  are  not  necessary.  One  watt  c-w  should  not  be  used  continuously; 
when  pulsing,  it  is  permissible  to  exceed  one  watt  if  the  duty  cycle  is 
decreased  appropriately  as  the  peak  power  is  increased.  Distortion  of 
driving  current  or  voltage  is  a  suggested  criterion  for  determining  the 
maximum  power  level.  Overheating  of  the  transformer  is  the  limiting  fac¬ 
tor  on  power  level. 

Maintenance 

The  natural  rubber  used  in  the  acoustic  window  is  not  durable.  When 
exposed  to  water  for  long  periods  of  time,  the  rubber  tends  to  become 
sticky.  This  condition  does  not  affect  the  acoustic  properties,  but  does 
make  the  window  more  susceptible  to  damage  by  abrasion.  If  such  deterio¬ 
ration  sets  in,  return  the  transducer  to  USRD. 

Reference 

R.  J.  Bobber,  "The  USRL  Type  E8  Transducer — An  Underwater  Sound 

Calibration  Standard  for  the  100-  to  1000-Kilocycle  Frequency 

Range,"  Navy  Underwater  Sound  Reference  Laboratory  Report  No.  22, 

16  Jun  1952  (AD- 10  093) . 
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Fig.  B2.  Circuit  diagram, 
type  E8  transducer. 


Fig.  B3.  Typical  equivalent 
series  impedance,  type  E8 
transducer  with  2.4  m  of 
RG-62/U  coaxial  cable. 
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Fig.  B5.  Typical  free-£ield 
voltage  sensitivity,  type  E8 
transducer  with  2.4-m  cable. 
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Fig.  B4.  Typical  equivalent 
series  impedance,  type  E8 
transducer  with  7.6-m  cable. 


Fig.  B6.  Directivity,  type 
E8  transducer,  in.  planes  that 
include  the  X  axis.  Scale, 
center  to  top  of  grid,  equals 


Appendix  C 


Type  E27 
TRANSDUCER 


General  Description 

The  USRD  type  E27  transducer  is  a  calibrated  reference  standard  for 
the  frequency  range  50  to  500  kHz.  It  is  not  intended  for  use  under  high 
pressure  or  at  high  power  levels.  Driving  voltages  up  to  200  V  rms  can 
be  used.  Figure  Cl  is  a  photograph  of  the  transducer. 


Fig.  Cl.  USRD  type  E27  transducer. 


The  active  face  contains  seven  lead  zirconate-titanate  disks  of 
3.17-nun  diameter  and  1.52 -mm  thickness  spaced  inside  an  11.1-mm-diam 
circle.  The  seven  elements  are  cemented  directly  to  the  butyl  acoustic 
window.  Normally,  the  transducer  is  provided  with  9.1  m  of  RG-62U  coaxial 
cable  terminated  in  a  Western  Electric  type  358A  coaxial  plug. 


Specifications 

Operating  range: 

Free- field  voltage  eeneitivity: 

Transmitting  voltage  response: 
Maximum  driving  voltage: 

Nominal  oapaaitanoe: 

D-o  resistance: 


50  to  700  kHz 

-213  dB  re  1  V/yPa  at  end  of  9.1-m 
cable 

126  dB  re  1  yPa/V  at  200  kHz 
200  V  rms 
850  pF 

greater  than  1000  Mil 


IS 


Maximum  hydrostatics  pressure: 

Operating  temperature  range: 

Weight  with  9.1-m  cable: 

Shipping  weight  in  carrying 
case : 


170  kPa  gage  (17-m  depth) 
0  to  35 °C 
0.57  kg 

4.5  kg 


Electroacoustic  Characteristics 


Typical  equivalent  series  impedance  measured  unbalanced  at  the  end  of 
the  9.1-m  RG-62U  coaxial  cable  is  shown  in  Fig.  C2.  Typical  free-field 
voltage  sensitivity  is  shown  in  Fig.  C3.  Typical  transmitting  voltage 
response  is  shown  in  Fig.  C4. 

The  directivity  of  the  E27  transducer  is  very  closely  that  of  a  theo¬ 
retical  baffled  piston  of  11.1-mm  diameter,  as  shown  in  Fig.  C5. 


Preparation  for  Use 

Normally,  the  transducer  is  equipped  with  a  special  hanger.  The  dis¬ 
tance  from  the  element  center  of  the  transducer  to  the  top  of  the  mount¬ 
ing  plate  on  the  hanger  is  35  cm.  Any  additional  fixture  that  might  be 
required  should  be  attached  to  this  mounting  plate.  Acoustical  alignment 
is  advisable  if  precise  orientation  at  the  higher  frequencies  is  required. 
Figure  C6  is  a  dimensioned  outline  drawing  showing  the  orientation  of  the 
transducer. 

Bubbles  in  the  sound  field  can  cause  erroneous  measurements.  To 
insure  removal  of  air  on  or  near  the  acoustic  window,  wash  the  transducer 
thoroughly  with  a  wetting  agent  immediately  before  immersion  in  water. 

The  transducer  should  be  cooler  than  the  water  into  which  it  is  immersed, 
so  that  air  bubbles  will  not  be  released  by  the  slight  heating  effect 
from  the  transducer.  Permit  the  temperature  of  the  transducer  to  stabi¬ 
lize  with  that  of  the  water  before  making  measurements. 

Operating  Notes 

The  E27  transducer  is  designed  to  operate  electrically  unbalanced, 
either  as  a  projector  or  as  a  receiver.  When  the  transducer  is  used  as 
a  projector,  the  impedance  of  the  driving  source  is  not  critical  unless 
high  efficiency  of  the  driving  system  is  required.  In  such  a  case,  the 
optimum  driving  impedance  for  the  required  frequency  range  can  be  deter¬ 
mined  from  the  impedance  curve  furnished  as  part  of  the  calibration  data, 
or  from  the  typical  impedance  curve  of  Fig.  C2.  If  the  receiving  sensi¬ 
tivity  calibration  furnished  with  each  transducer  by  USRD  is  to  be  used, 
the  transducer  must  be  terminated  in  an  impedance  that  is  high  in  com¬ 
parison  with  its  own  impedance. 
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Fig.  C2.  Typical  equivalent 
series  impedance,  type  E27 
transducer . 


Fig.  C3.  Typical  free~field 
voltage  sensitivity,  type  E27 
transducer . 


Fig.  C5.  (Right)  Directivity 
type  E27  transducer,  in  planes 
that  include  the  x  axis.  Scale 
center  to  top  of  grid  equals 
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Appihdlk  D 


Typa  W 
TRANSDUCER 


QtHtrtl  Diicrlptlon 

Tht  UflftD  type  MT  tranaduoar  mi  designed  *•  a  general -purpose  uni¬ 
directional  tranaduoar  lev  underwater  eo\md  calibration  neaeurenenta  An 
tht  frequency  range  A  to  40  MU,  and  far  operation  An  tht  teaperature 
rant*  A  to  JI*C  at  hydroitatio  pmium  to  AS  MPa.  Tht  aetiva  element 
oonaAata  of  fifty-five  2,84-om-diam  Aaad  netaniobete  diaka  0,S8t  so 
tehiok,  taoh  of  which  Aa  cemented  to  a  l.ld-cet-diem*  l»37-om-thi«k 
tc’gctin  backing  plate.  Tha  aAaiaanta  art  arranged  An  a  circular  array 
thac  Aa  appro* iamtely  21,4  om  An  diameter,  figure  uA  Aa  a  photograph  of 
tha  tranaduoar. 


Fig,  01,  UlhD  typa  f27  tranaduoar. 

Tha  tungatan  booking  pAataa  ara  aoldad  in  butyl  rubbar  that  aupporti 
tho  individual  aAemanti  and  providaa  a  water  aaal  for  tha  roar  of  tha 
tranaduoar,  Tha  front ,  also,  it  oovarad  with  butyl  rubbar,  Tha  trana¬ 
duoar  la  oil  filAad, 

Tha  P2?  tranaduoar  ia  ravaraibla  and  obaya  tha  raoiprooity  principle. 
Whan  uaad  aa  a  projector,  it  nay  be  driven  either  balanced  or  unbalanced 
at  voltage a  to  800  V  raa, 

Tha  tranaduoar  ia  provided  with  30  m  of  two -conductor  ahielded 
neoprene-sheathed  DSfl-2  or  vinyl-ahaathad  Balden  8277  cable  terminated 
in  a  typa  ANA106-148-SF  connector. 
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SptClflCItlOM 

frsgwsHdy  range; 
rrwmiiting  ucltaga  rupons* o 
Mtaimm  driving  pottage; 
ffemiitcl  oopa toiivtoit 
D»o  M§Uto* os; 

Mnaimm  hydrostatic  pnhum; 
operating  temperature  range; 
Wtght  with  30-m  oabUi 
Shipping  might} 

Bltctroscoustlc  Characteristics 


1  to  40  km 

no  dfe  re  1  uPe/v  «t  10  km 

soo  v  ns 

10400  pf  At  tnd  of  IS-o  aeble 
fHAtw  than  800  NO 
SI  N»A  (3t00-m  depth) 

•8  to  +40*0 
IS  kg 
as  kg 


figure  OS  la  a  typiCAl  transmitting  current  response.  rranamittingr 
voltage  roaponaa  it  shown  in  fig.  03.  Xn  the  frequency  range  1  to  ao  kHa« 
the  response*  am  independent  of  pressure  up  to  4.9  MPa  end  of  temperature 
in  the  range  3  to  25  *C,  xn  the  frequency  range  20  to  35  KHs,  the  reaponae 
veriea  by  41  do  in  the  stmt  pressure  and  temperature  ranges. 

Typical  equivalent  aerioa  impedance  la  shown  in  fig*  D4. 

The  directivity  of  the  F27  transducer  at  frequencies  up  to  25  kHs  is 
approximately  that  expected  from  an  unbaffled  21.4-c*-di*m  piston  radia¬ 
tor  i  except  that  the  back  radiation  is  slightly  higher)  above  25  kHs, 
the  back  radiation  is  approximately  ao  do  below  the  front  radiation  level. 
Typical  directivity  patterns  in  the  XY  plane  are  shown  in  fig.  D5. 


Preparation  for  Use 

The  transducer  is  supported  during  use  by  its  braoket,  to  which  the 
rigging  is  attached ,  Nash  the  entire  transducer  with  a  wetting  agent 
to  remove  all  air  bubbles  and  thus  avoid  erroneous  results,  for  best 
calibration  data,  pemit  the  temperature  of  the  transducer  to  stabilise 
with  that  of  the  water  before  making  any  measurements,  figure  D6  Is  a 
dimensioned  outline  drawing  showing  the  orientation  of  the  transducer. 
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Pig,  04,  Typical  equivalent  aarlaa 
iapedanoe ,  type  F27  transducer. 


} «» 
vl 


>.U ,v/i 


I*.-  ■■  IP 


W; 

ji  -vV«» .. 


I'M" 


'W"Mi 


v  V,  ■*'/  : 

■  11 4^y>?r 

r  .  ■?;$**-  j\VV& 

,  /i'J.V',,  i.vr  I 


Fig.  OS.  Typical  diractlvity  patterns  in  the 
XY  plane,  type  F27  transducer.  Scales  Center 
to  top  of  grid,  each  pattern,  equals  50  dB. 
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Fig,  06.  Dimensions  (In  oantimaters) 
and  orientation  of  typo  F2?  transducer 
(tap  i  UNC) . 


Appendix  E 


Typ*  FSO 
TRANSDUCER 


Gtniral  Diicrlptlon 

Th«  U«K)  type  no  transducer  was  designed  aa  a  general  purpose  uni¬ 
directional  transducer  lor  calibration  moaaureaanta  in  which  stability 
and  reciprocity  are  required  over  extended  frequency,  pressure,  and 
temperature  ranges.  Figure  11  is  a  photograph  of  the  transducer. 


Fig.  El .  USRD  type  P30  transducer. 

The  sensitive  element  is  a  rectangular  array  5.0  cm  high  and  3.8  cm 
wide  consisting  of  twelve  1,24*1. 27*0. 159-cm  lithium  sulfate  crystals 
cemented  to  1.27-cm  tungsten  cubes.  The  array  is  supported  by  rubber 
pads  in  an  oil-filled  corrosion-resistant  steel  housing.  A  transformer 
having  the  turns  ratio  30)1  reduces  the  output  impedance  to  the  nominal 
value  100  ft  at  20  kHz.  The  transducer  is  designed  for  unbalanced 
operation;  the  circuitry  is  shown  in  Fig.  E2.  A  12-m,  two-conductor 
shielded,  neoprene-sheathed  cable  is  provided. 

Specifications 

Frequency  range:  10  to  150  kHz 

Transmitting  voltage  reeponee :  136  dB  re  1  yPa/v  at  50  kHz 

Maximum  power  input,:  0.1  W  from  a  600-ft  source  in  the 

range  10  to  20  kHz;  1.0  W  from 
a  600-ft  source  in  the  range  20 
to  150  kHa 

Nominal  impedance:  100  ft  at  20  kHz 

Maximum  hydroetatia  preeeure:  24  MPa  (2400-m  depth) 

Operating  temperature  range:  0  to  35°C 

Height  with  12-m  cable  3.2  kg 

Shipping  weight:  8  kg 
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Electroacoustic  Characteristics 

Figure  13  shows  typical  transmitting  currant  and  voltage  responses. 
The  free-field  vo itage  sensitivity  ia  ahown  in  Fig.  S4  and  tha  sguivs- 
iant  aariaa  impadanca  in  Fig.  B5. 

Tha  raaponaa  ohangaa  laaa  than  *0.5  dB  with  pressure  to  6,9  MPa >  no 
graatar  ohanga  ia  expected  with  pressures  to  24  MPa.  In  tha  frequency 
ranga  25  to  150  kHs,  tha  raaponaa  variaa  laaa  than  *0.6  dB  throughout 
tha  temperature  ranga  3  to  25*C. 

Tha  directivity  in  tha  horiaontal  plana  ia  broader  than  in  tha  ver¬ 
tical  plana  bacauaa  of  tha  dimanaiona  of  tha  cryatal  array.  Tha  patterna 
are  symmetrical  and,  at  frequencies  above  25  kH«,  the  back  radiation  ia 
12  to  20  dB  below  the  front  radiation.  Typical  directivity  patterns  in 
tha  XY  (horiaontal)  and  XZ  (vertical)  planaa  are  ahown  in  Fig.  E6. 

Preparation  for  Use 

In  normal  operation,  the  amall  tranaformer  housing  extends  vertically 
above  the  transducer  case.  Clang?  a  bracket  around  the  steel  case  near  the 
molded  cable  gland  to  support  the  transducer.  Wash  the  entire  transducer 
with  a  suitable  wetting  agent  to  remove  air  bubbles  as  cony?letely  as 
possible  and  thus  avoid  erroneous  results.  Permit  the  temperature  of  the 
transducer  to  stabilise  with  that  of  tha  water  before  making  any 
maa»urenfents .  Figure  K7  is  a  dimensioned  outline  drawing  showing  the 
orientation  of  the  transducer. 
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Fig.  E2.  Schematic  circuit 
diagram,  type  F30  transducer. 


Fig.  E3.  (Right)  Typical 
transmitting  current  and 
voltage  responses,  type 
F30  transducer. 
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Fig.  E4.  Typical  fraa-fiald 
voltage  sensitivity,  type  F30 
transducer . 
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frtqmty  (kttt) 

FI 9.  E5.  Typical  equivalent 
series  impedance,  type  F30 
transducer. 


Fig.  E6d.  Typical  directivity  patterns 
in  the  XY  (horizontal)  plane,  type  F30 
transducer.  Scale 1  Center  to  top  of 
grid,  each  pattern,  equals  50  dB. 
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Fig.  E6b.  Typical  directivity  patterns  in  the  XZ 
(vertical)  plane,  type  F30  transducer.  Scale: 
Center  to  top  of  grid,  each  patterns,  equals  50  dB 


Fig.  E7.  (Right)  Dimensions  (in 
centimeters)  and  orientation  of 
type  F30  transducer. 


Appendix  F 


Type  F33 
TRANSDUCER 


General  Description 

The  USRD  type  F33  transducer  was  designed  as  a  general  purpose  uni¬ 
directional  transducer  for  use  in  calibration  measurements  in  the  fre¬ 
quency  range  1  to  150  kHz.  Figure  FI  is  a  photograph  of  the  transducer. 


Fig.  FI.  USRD  type  F33  transducer. 

The  sensitive  element  consists  of  two  piezoelectric  ceramic  arrays 
mounted  coaxially.  The  smaller,  inner  array  is  composed  of  twelve 
1. 27-cm-diam  by  2.5-mm-thick  lead  zirconate-titanate  elements  cemented 
to  Kennametal  disks.  This  array  is  approximately  3.8  cm  wide  and  5  cm 
high;  it  is  useful  in  the  frequency  range  15  to  150  kHz. 

The  larger  array  is  constructed  from  64  modified  barium  titanate 
ceramic  plates  2.54  cm  long  by  1.9  cm  wide  by  6.35  mm  thick.  Bach  plate 
is  cemented  to  a  steel  backing  plate  embedded  in  butyl  rubber  to  form  an 
array  approximately  20.3  cm  wide  by  21.6  cm  high.  When  the  two  arrays 
are  driven  simultaneously,  the  transducer  is  useful  in  the  frequency 
range  1  to  50  kHz.  Normally,  the  transducer  is  calibrated  unbalanced, 
with  the  shield  and  the  low-output  lead  connected  to  ground. 

The  transducer  is  provided  with  30  m  of  vinyl-sheathed  cable.  The 
leads  to  each  array  section  are  individually  shielded,  as  shown  in  the 
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j 
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ft 


circuitry  of  Fig.  F2,  A  30-cm  length  of  cable  provided  with  mating  con¬ 
nectors  serves  to  connect  the  inner  and  the  outer  sections  in  parallel. 
The  entire  transducer  then  can  be  driven  by  a  signal  applied  to  pins  A 
and  B  of  the  AM  adapter.  The  shields  are  accessible  at  pin  E. 

Pressure-release  Corprene  is  used  between  the  individual  ceramic  ele¬ 
ments.  Both  sections  are  sealed  in  transparent  polyurethane;  castor  oil 
provides  the  coupling  medium  between  the  polyurethane  potting  material 
and  the  butyl-rubber  acoustic  window. 

Specifications 

Frequency  range: 

Transmitting  voltage  response : 

Maximum  driving  voltage: 

Nominal  aapaoitanoe  at  end 
of  30-m  cable: 

D-c  resistance: 

Maximum  hydrostatic  pressure: 

Operating  temperature  range: 

Weight  with  30-m  cable: 

Shipping  weight: 

Electroacoustic  Characteristics 

Figure  F3  shows  both  the  transmitting  current  and  voltage  responses 
of  both  sections  in  parallel  and  of  the  inner  section  alone.  No  signifi¬ 
cant  changes  have  been  observed  in  the  operating  characteristics  at 
hydrostatic  pressures  to  3.4  MPa  (340-m  depth)  and  temperatures  between 
5  and  30°C. 

Typical  equivalent  series  impedance  is  shown  in  Fig.  F4. 

With  both  sections  operating,  the  total  beam  width  at  the  3-dB-down 
points  is  7.5  deg  at  SO  kHz.  The  minor  lobes  are  down  at  least  14  dB 
with  respeot  to  the  major  lobe.  When  only  the  inner  section  is  used,  the 
total  beam  width  at  150  kHs  is  12  deg.  Typical  directivity  patterns  in 
the  horizontal  (XT)  plane  for  both  sections  in  parallel  and  for  the  inner 
section  only  are  presented  in  Figs.  F5  and  F6. 

Preparation  for  Use 

Attach  a  fixture  to  the  mounting  bracket  provided.  Do  not  support 
the  transducer  by  the  cable.  To  remove  air  bubbles  as  completely  as  pos¬ 
sible  and  thus  avoid  erroneous  results,  wash  the  entire  transducer  with  a 


both  sections,  1  to  50  kHz 
inner  section,  15  to  150  kHz 

128  dB  re  1  pPa/V  at  10  kHz  (both) 
133  dB  re  1  yPa/V  at  50  kHz  (inner) 

20 0  V  rms 

outer  section,  54500  pF 
inner  section,  12000  pF 
both  sections,  66500  pF 

greater  than  500  Mft 

3.4  MPa  (340-m  depth) 

0  to  35°C 

17.3  kg 

25  kg 
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wetting  agent  as  it  is  lowered  into  the  water.  Permit  the  temperature  of 
the  transducer  to  stabilize  with  that  of  the  water  before  making  any 
measurements.  Figure  F7  is  a  dimensioned  outline  drawing  showing  the 
orientation  of  the  transducer. 


Fig.  F2.  (Right) 
Schematic  diagram 
of  cable/  type 
F33  transducer. 


Fig.  F3.  (Left)  Transmitting 
current  end  voltage  responses, 
type  F33  transducer. 


Fig.  F6.  Typical  directivity  patterns  in  the  horicontel  (XY)  plane*  type 
F33  transducer*  inner  section  only.  Scale t  Center  to  top  of  grid*  eaoh 
pattern*  equals  SO  dB. 


Fig.  F7.  (Right)  Dimen¬ 
sions  (in  centimeters)  and 
orientation  of  type  F33 
transducer  (tap «  UNO . 


Appendix  0 


Typt  PM 
TRANSDUCER 

Qtnirtl  DttcHptlon 

Tht  UMfi  typo  P36  tvantducvr  it  dtaignod  to  provide  taooth  rttpontt 
in  tht  traguanoy  ttn«t  10  Hi  to  10  kite  when  uted  tt  t  hydtaphant.  it  it 
uaaful  tlto  tt  t  round  taurot  in  tht  range  1  to  >0  kHt.  figure  01  it  t 
photograph  of  tht  tranaduoar. 


Pig.  61.  UtftD  typo  Pit  transducer. 

Tht  tontitlvo  olonont  ountiete  of  to von  lead  airaoneta-titaneta  capped 
cylinder!  aounttd  ono  above  th*»  other  to  fox*  t  lint  80.3  on  long.  Tht 
•lonontt  in  touted  within  in  oil -filled  butyl  rubber  boot  over  t  front- 
work  of  tin  otool  rodt  that  providt  protection  and  eupport  without  affect- 
in®  tht  toouatio  ohortotoriatiot.  Tht  trtntduotr  it  auppliad  with  30  n 
of  3-oonduotor  thitldtd  neoprene- that thed  otblt. 


Spoclflcitlont 

Froquanoy  rang*:  10  Hi  to  30  kHt#  tt  hydrophone 

Fr**~fi*ld  voltag*  t *n*itivityi  *301  d»  ro  1  V/ufa  tt  ond  of 

30-t*  otblt 


Transmitting  voUag*  r**pon*$: 
(kmtman  driving  vottag*: 
Nominal  oapaoitano*: 

D-o  r**i*tano*i 
Maximum  hydro*  tatio  pr***ur*: 
Operating  temperature  rang*: 
Vitght  with  SO-m  oabUi 
Shipping  t might: 


184  d»  rt  1  viit/v  tt  10  kNt 
130  V  mi 

60000  pP  (with  30-n  otblt) 
greater  than  1000  NO 
3.7  MPa  (370-n  dapth) 

0  to  35*0 
4  kg 
6  kg 


E1«ctro«coutt1c  Chiracttriitlci 

Pigurt  <33  it  a  typical  fret-field  voltage  aenaitivity  ourvt  for  tht 
typo  F36  trtntduotr#  matured  in  ttrna  of  opan-circuit  voltage  at  tht  and 


of  JO  ft  of  table,  Vhe  aanaitivity  of  etoh  trtneduoer  ia  provided  by  the 
oa Vibration  curve  furniehed  with  it.  Hnaitivity  depend*  on  tha  frequency 
oheraoterietioa  of  tha  amplifier  uaad  and  on  tha  reelatanoe  and  oapaoi- 
tanoa  of  tha  input  circuit  (including  transducer,  cable,  and  amplifier 
input  impedance) .  Tha  oapaoitenoe  of  tha  tranaduoer  with  JO  n  of  eabla 
ia  greater  than  10  000  pr,  Tha  input  tmpadenae  of  tha  amplifier  ahouid 
ba  at  iaaat  9  MO  to  in aura  that  ita  affaot  on  tha  response  of  the  trtna- 
duoar  at  low  froquenoie*  la  negligible, 

Tha  aanaitivity  of  4  ,>e  typo  PM  transducer  doaa  not  vary  aignifioently 
with  temperature  in  tha  range  S  to  J0*e>  No  changes  Hava  baan  obaarvad  in 
tho  aanaitivity  of  tha  transducer  with  hydrostatic  pressure  up  to  a.  7  MPa 
(400  pal) . 

Additional  eabla  oan  ba  uaad  with  tha  transducer*  however,  tha  addad 
cable  will  inoraaaa  tha  ahunt  oapaoitenoe,  and  tha  ovar-all  aanaitivity 
will  ba  correspondingly  lowar. 

Tha  tfftnamittiflf  voltage  mpomt  fro«  1  to  SS  kHa  ia  ahown  in 
Pig.  OJ.  Xt  ia  yaooa— ndad  that  tha  transducer  not  bo  uaad  abov*  ao  kHa. 

birwetivity.  Tho  transducer  ia  onnldlraotlonal  within  10.5  da  in  tha 
plant  (KV)  normal  to  ita  longitudinal  axis,  Tha  vortioal  (XS  plana) 
dlrootivity  ia  equivalent  to  that  of  a  ao.J-cn  line.  Typioal  vartioal 
directivity  pattern*  art  ahown  in  Pig.  04. 


Prtpmtlon  for  Ua« 

figure  OS  ia  a  dimensioned  outline  drawing  ahowing  tha  orientation  of 
tha  transducer.  Attach  a  fixture  to  the  Molded  cable  gland  aa  near  ae 
poaaible  to  the  tranaduoer.  When  no  fixture  ia  uaad,  a  line  should  be 
attached  to  the  lifting  eyea  to  remove  tha  tenaion  from  the  oable  and  the 
gland.  A  pad  eye  ie  provided  at  the  lower  end  of  the  tranaduoer  aleo, 
ao  that  a  weight  can  be  attached  if  neoeaaary.  The  weight  ehould  not  be 
greeter  then  IS  kg.  Waah  the  entire  tranaduoer  with  a  wetting  egent. 

Air  bubble a  nuat  be  removed  ea  completely  ae  poaaible  when  the  trana¬ 
duoer  ia  lowered  into  the  water,  to  avoid  erronooua  reauita.  Permit  the 
temperature  of  the  tranaduoer  to  etabiliao  with  that  of  the  water  before 
making  any  maaeureannta. 


Pig,  G2.  Typical  f rat-field 
voltage  aanaitivity,  type  PS6 
tranaduoer. 
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Fig.  G3.  Typical  transmitting 
voltage  response,  type  F36 
transducer. 


f 


Fig.  G4.  Typical  directivity  pat¬ 
terns  in  the  vertiaal  (XZ)  plane, 
type  F36  transducer.  Scale:  cen¬ 
ter  to  top  of  grid,  each  pattern, 
equals  50  dB. 


Fig.  G5.  (Left)  Dimensions  in 
centimeters)  and  orientation  of 
type  F36  transducer. 
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Appendix  H 


Type  F37 
TRANSDUCER 


General  Description 

The  USRD  type  F37  transducer  provides  a  smooth  response  in  the  fre¬ 
quency  range  10  Hz  to  37  kHz  when  used  as  a  hydrophone.  It  is  useful 
also  as  a  sound  source  in  the  range  1  to  37  kHz.  Figure  HI  is  a  photo¬ 
graph  of  the  transducer. 


Fig.  HI.  USRD  type  F37  transducer. 


The  sensitive  element  consists  of  eight  lead  zirconate-titanate 
cylinders  mounted  one  above  the  other  to  form  a  line  16.5  cm  long.  The 
elements  are  housed  within  an  oil-filled  butyl-rubber  boot  over  a  frame¬ 
work  of  six  steel  rods  that  provide  protection  and  support  without  affect¬ 
ing  the  acoustic  characteristics.  The  transducer  is  supplied  with  30  m 
of  2-conductor  shielded  Hypalon- sheathed  cable. 


Specifications 

Frequency  range: 

Free-field  voltage  eeneitivity 

Transmitting  voltage  response: 
Maximum  driving  voltage: 
Nominal  oapaoitanoe: 

D-o  resistance: 

Maximum  hydro static  pressure: 
Operating  temperature  range: 
Weight  with  SO-m  cable: 
Shipping  weight: 


10  Hz  to  37  kHz,  as  hydrophone 

-204.0  dB  re  1  v/uPa  at  end  of 
30-m  cable 

121.7  dB  re  1  yPa/V  at  10  kHz 
100  V  rma 

60000  pF  (with  30.5-m  cable) 
greater  than  1000  M0 
2.75  MPa  (275-m  depth) 

0  to  35°C 
4  kg 
6  kg 


Electroacoustic  Characteristics 

Figure  H2  shows  a  typical  tree-timid  voltage  sensitivity  curve  in 
terms  of  open-oircuit  voltage  at  the  end  of  30  b  of  cable.  The  sensi- 
tivity  of  each  transducer  is  provided  by  the  calibration  curve  furnished 
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with  the  transducer.  The  sensitivity  depends  on  the  frequency  character¬ 
istics  of  the  amplifier  used  and  on  the  resistance  and  capacitance  of  the 
input  circuit  (including  transducer,  cable,  and  amplifier  input  impedance ) . 
The  capacitance  of  the  transducer  with  30  m  of  cable  is  greater  than 
50  000  pF.  The  input  impedance  of  the  amplifier  used  should  be  at  least 
3  M0  to  insure  that  its  effect  on  the  response  of  the  transducer  at  low 
frequencies  is  negligible. 

Additional  cable  can  be  used  with  the  transducer.  Because  additional 
cable  will  increase  the  shunt  capacitance,  however,  the  over-all  sensi¬ 
tivity  will  be  correspondingly  lower. 

The  transmitting  voltage  response  from  1  to  40  kHz  is  shown  in  Fig.  H3. 
It  is  recommended  that  the  transducer  not  be  used  above  37  kHz. 

The  sensitivity  of  the  type  F37  transducer  does  not  vary  significantly 
with  temperature  in  the  range  5  to  30°C.  No  changes  have  been  observed  in 
the  sensitivity  of  the  transducer  with  hydrostatic  pressures  up  to  2756  kPa 
(275  m  depth) . 

Directivity .  The  type  F37  transducer  is  omnidirectional  within 
±0.5  dB  in  the  plane  (XY)  normal  to  its  longitudinal  axis.  The  vertical 
(XZ  plane)  directivity  is  equivalent  to  that  of  a  16.5-cm  line.  Typical 
vertical  directivity  patterns  are  shown  in  Fig.  H4. 

Preparation  for  Use 

Figure  H5  is  a  dimensioned  outline  drawing  of  the  transducer  showing 
its  orientation.  The  transducer  can  be  mounted  in  a  fixture  that  can  be 
clamped  on  the  packing  gland  as  near  as  possible  to  the  transducer.  When 
necessary,  a  weight  can  be  attached  to  the  pad  eye  provided  at  the  lower 
end  of  the  transducer.  The  weight  should  not  be  greater  than  12  kg.  The 
entire  transducer  should  be  washed  with  a  wetting  agent.  All  air  bubbles 
must  be  removed  as  completely  as  possible  when  the  transducer  is  lowered 
into  the  water,  to  avoid  erroneous  results.  Permit  the  temperature  of 
the  transducer  to  stabilise  with  that  of  the  water  before  making  any 
measurements. 


Fig.  H2.  Typical  free-field 
voltage  sensitivity,  type  F37 
transducer. 
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Fig.  H5.  (Right)  Dimensions  (in 
centimeters)  and  orientation  of 
typo  737  transducer. 
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Appendix  I 


Type  F40 
TRANSDUCER 


General  Description 

The  USRD  type  F40  transducer  is  primarily  a  high-power  sound  source. 
It  can  be  used  as  such  in  the  frequency  range  1  kHz  to  30  kHz,  or  as  a 
receiver  (hydrophone)  in  the  range  1  Hz  to  30  kHz.  Figure  II  is  a  photo¬ 
graph  of  the  transducer. 


Fig.  II.  USRD  type  F40  transducer. 


The  sensitive  element  is  a  10-cm-diam  piezoelectric,  lead  zirconate- 
titanate,  hollow  sphere  with  a  wall  6.35  nsn  thick.  A  1.9-cm-diam  access 
hole  permits  soldering  a  lead  to  the  inside  silver  electrode  before  the 
opening  is  covered  with  a  glass-to-metal  seal.  The  entire  sphere  is 
encapsulated  in  polyurethane;  type  DSS-2  cable  enters  the  access  hole 
through  a  short  length  of  stainless  steel  tube  that  is  molded  in  place. 
The  transducer  can  be  supplxad  with  a  30-m  cable  or  a  1-m  cable  with  a 
waterproof  connector.  The  wiring  diagram  is  shown  in  Fig.  12. 

Specifications 

Frequency  range:  1  to  30  kHz  as  source 

Free- field  voltage  eeneitivity  -187  dB  re  1  v/uPa  at  end  of 

(nominal) :  30-m  cable 

Transmitting  voltage  response :  128.5  dB  re  1  yPa/V  at  5  kHz 
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Maximum  driving  voltage:  400  v  ms 

Nominal  oapaoitanoe:  47000  pF  with  30-m  cable 

D-o  resistance:  greater  than  1000  MJi 

Maximum  hydrostatio  pressure:  6.9  MPa  (690-m  depth) 

Operating  temperature  range:  o  to  35°c 

Weight  with  1-m  oable:  4  kg 

.  Shipping  weight:  9  kg 

Electroacoustic  Characteristics 

Figure  13  shows  typical  transmitting  volttge  response.  The  transducer 
will  produce  an  undistorted  signal  that  is  linear  with  driving  voltage 
up  to  400  V  ms  in  the  frequency  range  1  to  20  kHz. 

Figure  14  gives  the  equivalent  series  impedance. 

Figure  15  provides  typical  free-field  voltage  sensitivity  at  the  end 
of  30  m  of  cable.  A  calibration  curve  is  provided  with  each  transducer. 
The  sensitivity  depends  on  the  frequency  characteristics  of  the  amplifier 
used  and  on  the  resistance  and  capacitance  of  the  input  circuit  (including 
transducer,  cable,  and  amplifier  input  impedance).  The  input  impedance 
of  the  receive  amplifier  should  be  at  least  3  Mft  to  insure  negligible 
effect  on  transducer  sensitivity  at  low  frequency.  Additional  cable  can 
be  used  with  the  transducer,  but  the  shunt  capacitance  will  be  increased 
and  the  over-all  sensitivity  will  be  reduced  correspondingly. 

Measurements  on  the  type  F40  transducer  show  that  neither  the  trans¬ 
mitting  response  nor  the  receiving  sensitivity  change  within  the  tempera¬ 
ture  range  0  to  30°C  or  the  pressure  range  0  to  6.9  MPa. 

Directivity.  The  type  F40  transducer  is  omnidirectional  within 
±0.5  dB  in  the  horizontal  (XY)  and  vertical  (XZ)  planes  to  25  kHz.  The 
horizontal  plane  is  that  passing  through  the  center  of  the  spherical 
element  perpendicular  to  the  axis  of  symmetry  of  the  transducer. 

Preparation  for  Use 

Mount  the  transducer  rigidly  in  a  fixture  attached  by  screws  in  the 
tapped  10-32  holes  in  the  cable  gland  tube.  Before  submerging  it,  wash 
the  entire  transducer  thoroughly  with  a  detergent  to  eliminate  bubbles 
that  cling  to  its  outer  surface.  Permit  the  temperature  of  the  trans¬ 
ducer  bo  stabilize  with  that  of  the  water  before  making  any  measurements. 
Figure  16  is  a  dimensioned  outline  drawing  showing  the  orientation  of  the 
transducer. 


Fig.  12.  Wiring  diagram,  type 
F40  transducer. 
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Appendix  J 


Type  F40A 
TRANSDUCER 


General  Description 

The  USRD  type  F40A  transducer  is  primarily  a  high-power  sound  source. 
It  can  be  used  as  such  in  the  frequency  range  1  kHz  to  20  kHz,  or  as  a 
receiver  (hydrophone)  in  the  range  1  Hz  to  20  kHz.  Figure  J1  is  a  photo¬ 
graph  of  the  transducer. 


Fig.  J1.  USRD  type  F4QA  transducer. 

The  sensitive  element  consists  of  two  10-cm-diam  piezoelectric,  lead 
zirconate-titanate,  hollow  spheres  with  a  wall  6.35  mm  thick.  A  1.9-cm- 
diam  access  hole  permits  soldering  a  lead  to  the  inside  silver  electrode 
before  the  opening  is  covered  with  a  glass-to-metal  seal.  The  spheres 
are  encapsulated  in  polyurethane;  the  cable  enters  the  access  hole 
through  a  short  length  of  stainless  steel  tube  that  is  molded  in  place. 
The  transducer  is  supplied  with  a  0.5-m  cable  and  waterproof  connector. 
Type  DSS-2  cable  with  mating  connector  can  be  provided  in  any  length  up 
to  61  a.  The  wiring  diagram  is  shown  in  Fig.  J2. 


Specifications 

Frequency  range: 


1  to  20  kHz  as  source 


Free- field  voltage  sensitivity  -187  dB  re  1  v/yPa  at  end  of 

(nominal):  30-m  cable 

Transmitting  voltage  response:  131.5  dB  re  1  uPa/V  at  5  kHz 


x 
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Maximum  driving  voltage:  400  v  rms 

Nominal  oapaoitanoe:  97000  pF  with  0.5-m  cable 

D-q  resistance:  greater  than  1000 

Maximum  hydrostatic  pressure:  6.9  MPa  (690-m  depth) 

Operating  temperature  range:  0  to  35°C‘ 

Weight  with  1-m  cable:  6  leg 

Shipping  weight:  11  kg 

Electroacoustic  Characteristics 

Figure  J3  shows  typical  transmitting  voltage  response.  The  F40A 
transducer  will  produce  an  undistorted  signal  that  is  linear  with  driv¬ 
ing  voltage  up  to  400  V  rms  in  the  frequency  range  1  to  20  kHz. 

Figure  J4  provides  typical  free-field  voltage  sensitivity  at  the  end 
of  12  m  of  cable.  A  calibration  curve  is  provided  with  each  transducer. 
The  input  impedance  of  the  receive  amplifier  should  be  at  least  1.5  Mfl  to 
insure  negligible  effect  on  transducer  sensitivity  at  low  frequency. 
Additional  cable  can  be  used  with  the  transducer,  but  this  will  increase 
shunt  aapacitanae  and  reduce  over-all  sensitivity  correspondingly. 

Measurements  on  the  type  F40A  transducer  show  that  neither  the  trans¬ 
mitting  response  nor  the  receiving  sensitivity  change  within  the  tempera¬ 
ture  range  0  to  30°C  nor  the  pressure  range  0  to  6895  kPa. 

The  electrical  Impedance  of  the  F40A  transducer,  measured  in  water 
under  free-field  conditions,  is  shown  on  the  left  in  Fig.  J5 ;  the  locus 
of  impedance  in  the  region  of  the  resonance  frequency,  on  am  expanded 
scale,  is  shown  on  the  right. 

Directivity.  The  type  F40A  transducer  is  omnidirectional  within 
10.2  dB  in  the  horizontal  (XY)  plane  to  20  kHz.  This  horizontal  plane 
passes  between  tho  two  spherical  elements  perpendicular  to  the  axis  of 
symmetry  of  the  tramsduoer.  Typical  directivity  patterns  in  the  verti¬ 
cal  plane  (XZ)  are  shown  in  Fig.  JS. 

Preparation  for  Use 

Mount  the  transducer  rigidly  in  a  fixture  attached  by  screws  in  the 
tapped  10-32  holes  in  the  cable  gland  tube.  Before  submerging  it,  wash 
the  entire  transducer  thoroughly  with  a  detergent  to  eliminate  bubbles 
that  may  cling  to  its  outer  surface.  Permit  the  temperature  of  the  trans¬ 
ducer  to  stabilize  with  that  of  the  water  before  making  any  measurements. 
Figure  J7  is  a  dimensioned  outline  drawing  showing  the  orientation  of  the 
transducer. 
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Fig.  J2.  (Above)  Hiring  diagram, 
type  F40A  transducer. 


Fig.  03.  (Right)  Typical  transmitting 
voltage  response,  type  F40A  transducer; 
unbalanced,  black  lead  and  shield 
grounded,  30-m  cable. 


Frequency  (kHi) 


Fig.  J4.  (Right)  Typical 
free-field  voltage  sensi¬ 
tivity,  type  F40A  trans¬ 
ducer;  open-circuit  voltage 
at  end  of  30-m  cable; 
unbalanced,  black  lead  and 
shield  grounded. 


Fwqmmy  (Wi) 


Fig.  J5.  (Right) 

(a)  Typical  electrical 
inqpedance  of  F40A  trans¬ 
ducer  under  free-field 
conditions;  (b)  locus  of 
impedance  in  the  region 
of  the  resonance  frequency 
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Fig.  07.  (Right)  Dimensions  (in  oantl1 
Mttri)  and  orientation,  typa  74 OA 
tranaducer. 


Fig.  06.  (Laft)  Typical 
directivity  pattarna  in  the 
vertical  (XZ)  plane,  type 
F40A  transducer.  Scale i 
center  to  top  of  grid,  each 
pattern,  equals  40  dB. 


Appendix  K 


Typt  F41 
TRANSDUCER 


General  Description 

The  USRD  type  F41  transducer  t«  a  laboratory  standard  for  uee  in 
underwater  eound  reciprocity  calibrations  in  the  frequency  range  1ft  to 
ISO  kHi.  Figure  U  la  a  photograph  of  the  tranaduoer. 


Fig.  K1 .  USRD  type  F41  tranaduoer. 

The  aenaitive  element  consist!  of  twelve  1.27-cm-diara  by  0. 254-oar* 
thick  lead  airoonate-titanate  elementa  cemented  to  high-denaity 
Kennametal  diaka.  The  array  ia  approximately  3.8  cm  wide  and  5  cm  high. 

Corprene  ia  uaed  aa  the  preaeure-releaee  material  around  each  of  the 
twelve  ceramic  elementa,  which  are  eealed  in  transparent  polyurethane » 
castor  oil  ia  the  aaoustia  coupling  medium  between  the  polyurethane 
potting  compound  and  the  butyl-rubber  aooustio  window.  A  thin  expanded 
metal  sheet  connected  to  the  metal  housing  affords  elaotrioal  shielding 
for  the  active  array. 

A  30-m,  2 -conductor ,  shielded,  neoprene-sheathed  cable  ia  provided. 
The  transducer  oan  be  used  balanced  or  unbalanced)  for  the  USRD  calibra¬ 
tion,  the  shield  is  oonneotad  to  one  lead,  as  shown  in  Fig.  K2. 


Specifications 

Frequency  range; 

Transmitting  voltage  response: 
Maximum  driving  voltage: 
Nominal  capacitance: 

D-a  resistance: 

Maximum  hydrostatic  pressure: 
Operating  temperature  range: 


IS  to  ISO  kHa 

131  dB  re  1  yPa/V  at  SO  kHs 
200  V  rms 
12000  pF 

greeter  than  1000  HO 
3.4  MPa  (340-m  depth) 

0  to  35°C 


Jfeiffet  i tfth  30**  onblti  A  kg 

Skipping  might  t  •  kg 

Mtctrodcouttlc  CharacfetHitlc* 

Fiyura  K3  allow*  typical  l«MWMWtiti«f  ourroHt  and  voltage  rMMMH. 
The  jftrow-fiald  voltage  roitaltiWty  it  presented  in  Tig.  R4  and  tht 
oguivalont  HiiM  iopwdt noo  in  Fig.  K8. 

Tht  reaponat  ohangaa  Ui«  than  *0.71  d»  with  prtaaure  to  1.4  MH.  in 
tha  frequency  range  10  to  110  kHa«  tht  raaponao  vtritt  lot*  than  *0.71  011 
in  tht  temperature  rtnyt  1  t«  11*0. 

Tht  dirootivity  in  tht  horiaontal  plane  it  broader  than  in  tht  verti- 
oal  beoauae  of  tha  dimtnaiona  of  tht  oryatel  array.  Tht  pattarna  art 
ayaattrieal  and.  at  fraquaneiaa  above  18  kHa,  tha  baek  radiation  ia  It  to 
11  dt  below  tha  front  radiation.  Typical  diraotivity  pattama  in  tht 
xv  (horiaontal)  and  XI  (vertical)  planta  ara  nhown  in  Pig.  xd. 

Preparation  for  Uit 

Figure  K7  ia  a  diatnaiontd  outline  drawing  showing  tht  oriantation  of 
tha  trtnaduoar.  Xn  normal  opt  ration,  tht  4.4«cm«dia*  housing  tktonda 
vartioal ly  above  tht  tranaduosr  oaat.  Clanp  a  braokat  around  tht  attol 
oaat  ntar  tht  voided  oablt  yland  to  support  tha  trantduoar.  *aaah  the 
ontlra  trantduoar  with  a  suitable  wotting  ayant  to  rtwovt  air  bubblea  aa 
completely  ta  possible  and  thua  avoid  trronaoua  raaulta.  HiaU  tha 
temperature  of  tha  trantduoar  to  atabiliaa  with  that  of  tha  watar  bafora 
*akiny  any  meaouromente. 
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Fly.  K2.  Schematic  oirouit 
ding van.  typa  N 1  trantduoar. 


Fig.  K3.  Typical  tranaaitting 
current  and  voltage  reaponaea, 
type  Mi  tranaduoer. 


Fig.  K4.  Typical  free* field 
voltage  aenaifcivity*  type  Ml 
tranaduoer . 
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Fig.  KS.  Typical  equivalent 
aeriee  impedance,  type  Ml 
tranaducer. 


Fig,  K6a,  Typical 
directivity  patterns 
in  tha  XV  (horiaontal) 
plana#  typa  Ml  trans¬ 
ducer,  3oala<  oantar 
to  top  of  grid#  aaoh 
pattarn#  aquala  SO  dB. 
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Fig.  K6b.  Typical 
directivity  pattarna 
in  tha  X2  (vertical ) 
plana,  typa  Ml  trana- 
duoer.  Scale t  canter 
to  top  of  grid#  aaoh 
pattarn#  aquala  SO  dB. 
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Appendix  L 


Type  F42 
TRANSDUCER 


General  Description 

The  USRD  type  F42  transducer  is  primarily  a  sound  source.  It  can  be 
used  as  such  in  the  frequency  range  2  to  45  kHz,  or  as  a  receiver  (hydro¬ 
phone)  in  the  range  1  Hz  to  45  kHz.  Figure  Ll  is  a  photograph  of  the 
transducer. 


Fig.  Ll.  USRD  type  F42  transducer. 


The  sensitive  element  is  a  5.0-cm-diam  piezoelectric,  lead  zirconate- 
titanate,  hollow  sphere  with  a  wall  3.2  mm  thick.  An  access  hole  permits 
soldering  a  lead  to  the  inside  silver  electrode  before  the  opening  is 
covered  with  a  giass-to-metal  seal.  The  entire  sphere  is  encapsulated  in 
polyurethane;  the  cable  enters  the  access  hole  through  a  short  length  of 
swaged  copper  tubing  that  is  molded  in  place.  The  transducer  is  supplied 
with  a  1-m  cable  with  a  waterproof  connector.  Additional  cable  up  to 
45  m  long  can  be  attached.  The  wiring  diagram  is  shown  in  Fig.  L2. 


Specifications 

Frequency  range: 

Free- field  voltage  sensitivity 

(nominal): 

Transmitting  voltage  response: 
Maximum  driving  voltage: 

Nominal  oapaoitanoe: 

D-o  resistance: 

Maximum  hydrostatio  pressure: 
Operating  temperature  range: 


1  to  45  kHz  as  source 

-192.5  dB  re  1  V/yPa  at  end  of 
11-m  cable 

110.5  dB  re  1  yPa/V  at  5  kHz 
400  V  rms 

31000  pF  with  1-m  cable 
greater  than  1000  MR 
6.9  MPa  (690-m  depth) 

0  to  35°C 


54 


4 


Weight  with  30-m  cable: 
Shipping  weight: 


4  kg 
9  kg 


Electroacoustic  Characteristics 

Figure  L3  shows  typical  transmitting  voltage  response.  The  transducer 
will  produce  an  undistorted  source  level  that  is  linear  with  driving  volt¬ 
age  up  to  400  V  rms  in  the  frequency  range  1  to  30  kHz.  Figure  L4  gives 
the  impedance  of  the  F42  transducer. 

Figure  L5  provides  typical  free-field  voltage  sensitivity  at  the  end 
of  11  m  of  cable.  A  calibration  curve  is  provided  with  each  transducer. 
The  sensitivity  depends  on  the  frequency  characteristics  of  the  amplifier 
used  and  on  the  resistance  and  capacitance  of -the  input  circuit  (including 
transducer,  cable,  and  amplifier  input  impedance).  The  input  impedance 
of  the  receive  amplifier  should  be  at  least  3  MO  to  insure  negligible 
effect  on  transducer  sensitivity  at  low  frequency.  Additional  cable  can 
be  used  with  the  transducer,  but  the  shunt  capacitance  will  be  increased 
and  the  over-all  sensitivity  will  be  reduced  correspondingly. 

Measurements  on  the  type  F42  transducer  show  that  neither  the  trans¬ 
mitting  response  nor  the  receiving  sensitivity  change  within  the  tempera¬ 
ture  range  0  to  30°c  or  the  pressure  range  0  to  6900  kPa  (equivalent  to 
685-m  water  depth) . 

Directivity.  The  type  F42  transducer  is  omnidirectional  within 
±0.5  dB  in  the  horizontal  (XY)  and  vertical  (XZ)  planes  to  45  kHz.  The 
horizontal  plane  is  that  passing  through  the  center  of  the  spherical  ele¬ 
ment  perpendicular  to  the  axis  of  symmetry  of  the  transducer. 

Preparation  for  Use 

Figure  L6  is  a  dimensioned  outline  drawing  showing  the  orientation 
of  the  transducer.  Mount  the  transducer  rigidly  in  a  fixture*  Before 
submerging  it,  wash  the  entire  transducer  thoroughly  with  a  detergent 
to  eliminate  bubbles  that  cling  to  its  outer  surface.  Permit  the  tempera¬ 
ture  of  the  transducer  to  stabilize  with  that  of  the  water  before  making 
any  measurements. 


Fig.  L2.  wiring  diagram,  type 
F42  transducer. 
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Fig.  L3.  Typical  transmitting  volt- 
ag*  response,  type  P42  transducsr , 
unbalanced,  black  lead  and  shield 
grounded,  16-m  cable. 


tomUKt  (0*ll 


Fig.  L4,  Typical  impedance,  type 
F42  transducer,  unbalanced,  black 
lead  and  shield  grounded,  11-m 
cable . 
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Fig.  L5.  Typical  free- field  voltage 
sensitivity,  type  F42  transducer, 
open-oirouit  voltage  at  ond  of  11-m 
aahle;  unbalanced,  black  lead  and 
shield  grounded. 


Fig.  L6.  (Right)  Dimensions 
(in  centimeters)  and  orienta¬ 
tion,  type  F42  transducer. 
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Type  F50 
TRANSDUCER 


General  Description 

The  USRD  type  PSO  transducer  was  assigned  for  use  primarily  as  an 
underwater  sound  receiver  in  the  frequency  range  1  Hz  to  70  kHz;  however, 
it  can  be  used  as  a  sound  source  in  the  frequency  range  10  to  70  kHz. 

The  active  sensor  element  consists  of  lead  ziroonate-titanate  cylinders 
mounted  coaxially  and  mechanically  isolated  from  each  other  in  an  oil- 
filled,  butyl  boot.  Normally,  these  transducers  are  supplied  with  a 
23-m  2 -conductor  shielded  cable.  Figure  Ml  is  a  photograph  of  the  trans¬ 
ducer  . 


Fig.  Ml.  USRD  type  F50  transducer. 

Specifications 

Frequency  range:  1  Hz  to  70  kHz 

Free-field  voltage  sensitivity  -205  dB  re  1  V/yPa  at  end  of  23-m 

(nominal):  cable,  below  10  kHz 


Transmitting  voltage  response: 
Maximum  driving  voltage: 

Nominal  capacitance: 

D-a  resistance: 

Maximum  hydrostatic  pressure: 
Operating  temperature  range: 
Weight  with  23-m  cable: 
Shipping  weight: 


117.5  dB  re  1  uPaA  at  20  kHz 

200  V  rms  (300  V  pulse,  30*  duty 
cycle) 

0.015  yF  at  end  of  23-m  cable 
greater  than  1000  MO 
6.9  MPa  (690-m  depth) 

0  to  35 °C 
4.3  kg 
8.6  kg 


Electroacoustic  Characteristics 

The  free-field  voltage  sensitivity  of  the  type  F50  transducer  ie 
determined  by  comparison  with  standard  hydrophones  in  free-field  measure¬ 
ments,  or  by  the  reciprocity  method.  Figure  M2  shows  a  typical  free- 
field  voltage  sensitivity  curve  in  terms  of  open-circuit  voltage  at  the 
end  of  a  23-m  cable.  A  calibration  curve  is  provided  with  each  transducer. 
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Figure  M3  shows  a  typical  transmitting  voltage  response  curve.  The 
transducer  will  produce  an  undistorted  source  level  that  is  linear  with 
driving  voltage  up  to  200  V  rms  or  300  V  pulse,  30%  duty  cycle,  in  the 
frequency  range  10  to  70  kHz. 

Measurement  indicate  that  the  open-circuit  voltage  sensitivity  of 
the  transducer  is  independent  of  temperature  in  the  frequency  range  1  Hz 
to  70  kHz  at  temperatures  between  3  and  30°C.  The  sensitivity  changes  by 
approximately  1  dB  at  70  kHz  because  of  a  slight  shift  in  the  resonance 
frequency  as  the  temperature  changes. 

Measurements  made  at  hydrostatic  pressures  to  6895  kPa  in  a  closed 
tank  under  controlled  pressure  and  tempeature  conditions  indicate  that 
at  this  pressure  the  sensitivity  decreases  approximately  0.8  dB  uniformly 
over  the  frequency  spectrum. 

Typical  impedance  values  for  the  F50  at  25°C  are  shown  in  Fig.  M4. 

Directivity.  The  F50  transducer  is  omnidirectional  within  ±0.5  dB  at 
frequencies  below  70  kHz  in  the  horizontal  (XY)  plane — that  is,  in  the 
plane  normal  to  the  longitudinal  axis  of  the  transducer.  The  vertical 
directivity  approximates  that  of  a  4-cm  line.  Typical  directivity  pat¬ 
terns  in  the  vertical  plane  are  shown  in  Fig.  M5. 

Preparation  for  Use 

Figure  M6  is  a  dimensioned  outline  drawing  showing  the  orientation  of 
the  transducer.  Mount  the  transducer  in  a  fixture  that  can  be  clamped 
around  the  stainless-steel  mounting  sleeve  near  the  cable.  Wash  the 
entire  transducer  with  a  wetting  agent  or  detergent  to  remove  all  air 
bubbles.  Permit  the  temperature  of  the  transducer  to  stabilize  with 
that  of  the  water  before  making  any  measurements. 

Reference 

A.  C.  Tims,  "A  New  Capped -Cylinder  Design  for  an  Underwater  Sound 

Transducer  (USRD  Type  F50),"  J.  Acoust.  Soc.  Amer.  51,  1751-1758 

(1972) . 


Pig.  M2.  Typical  frce-field 
voltage  sensitivity,  type  F50 
transducer,  open-circuit 
voltage  at  end  of  a  23-m 
coaxial  cable. 


Fig.  M3.  (Left)  Typical  transmit' 
ting  voltage  response,  type  F50 
transducer. 


Fig.  M4.  (Right)  Typical 
impedance  at  25°C,  type 
F50  transducer. 


Fig,  M5.  (Left)  Typical 
directivity  patterns  in  the 
vertical  (XZ)  plane,  type  P50 
transducer.  Scale:  center  to 
top  of  grid,  each  pattern, 
equals  50  dB. 
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Appendix  N 


Type  G19 
CALIBRATOR 

Introduction 

The  calibrator  provides  a  rapid,  economical,  and  reliable  acoustic 
bench  test  for  small  hydrophones  in  the  frequency  range  100  to  1000  kHz. 
Its  primary  function  is  to  calibrate  hydrophones  by  the  comparison  method; 
however,  the  theory  of  operation  is  given  here  to  enable  the  user  to  adapt 
the  system  to  his  particular  needs.  Figure  N1  is  a  photograph  and  Fig.  N2 
is  a  dimensioned  outline  drawing. 


Theory 

The  calibrator  consists  of  an  open-ended  column  of  water  that  is 
excited  by  an  eleotrodynamic  driver.  A  cross  section  is  shown  in  Fig.  N3. 
The  driver  consists  of  a  5-cm-diam  magnesium  piston  suspended  by  two 
sheets  of  rubber  with  silicone  oil  at  the  periphery  between  the  rubber 
supports.  This  method  of  suspending  the  diaphragm  permits  considerable 
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motion  yet  retains  a  high  acoustic  shunt  impedance  at  the  periphery  of 
the  piston. 

The  equivalent  circuit  of  the  system  is  shown  in  Fig.  N4.  For  sim¬ 
plicity,  only  the  mechanical  circuit  is  given;  it  is  assumed  that  the 
electrodynamic  transducer  is  a  constant-force  generator  when  driven  with 
a  constant  electrical  current. 

When  the  system  operates  in  the  region  where  the  stiffness  of  the 
suspension  is  negligible  and  the  impedance  of  the  slit  around  the  piston 
is  high,  the  circuit  reduces  to  that  shown  on  the  left  in  Fig.  N5;  the 
result  is  a  simple  division  of  force  between  the  mass  of  the  diaphragm 
and  that  of  the  water.  Conversion  to  acoustic  parameters  gives  the  cir¬ 
cuit  shown  at  the  right,  where  the  pressure  on  the  hydrophone  is  repre¬ 
sented  as  appearing  across  the  hydrophone  stiffness  (assumed  very  high) . 
The  mass  of  water  on  the  diaphragm  side  causes  the  pressure  to  decrease 
as  a  probe  moves  upward  away  from  the  diaphragm  (or  the  arrow  in  Fig.  N5 
moves  downward) .  This  reasoning  predicts  a  linear  pressure  gradient  in 
the  tube,  as  would  be  expected  in  the  region  where  the  water  impedance  is 
all  inertial.  The  longer  the  column  of  water,  the  less  steep  is  the 
pressure  gradient.  Increasing  the  length,  of  course,  lowers  the  high- 
frequency  cutoff  because  of  the  length  resonance  of  the  water  column. 

The  diaphragm  suspension  must  also  be  made  stiffer  to  support  the  static 
head. 

Substituting  numbers  for  the  Bi  factor  and  the  mass  of  the  diaphragm 
yields  a  calculated  rms  pressure  level  of  about  2xio9  uPa  at  2  cm  from 
the  diaphragm  for  a  driving  current  of  approximately  0.25  A.  The  meas¬ 
ured  pressure  for  the  experimental  unit  was  within  1  dB  of  this  value  in 
the  mass-controlled  frequency  range.  This  pressure  can  be  increased,  if 
necessary.  A  maximum  of  one  ampere  can  be  used. 

Both  the  radial  and  the  axial  distribution  of  pressure  in  the  tube 
have  been  investigated.  The  vertical  gradient  is  linear  from  about  2  cm 
above  the  diaphragm  to  the  top  of  the  water  column.  There  was  no  hori¬ 
zontal  gradient  at  low  frequencies. 

Measurement  Technique 

Figure  N6  shows  the  output  of  a  constant-sensitivity  hydrophone  whose 
aaoustic  center  is  11.4  cm  from  the  driving  piston  of  the  calibrator. 

The  hydrophone  has  an  active  element  that  is  approximately  2.5  cm  long 
and  a  boot  5  cm  in  diameter.  The  low-frequency  peak  results  from  the 
calibrator  diaphragm  and  water  mass  in  resonance  with  the  suspension 
stiffness;  the  high-frequency  peak  is  at  the  resonance  of  the  water 
column. 

Comparison  measurements  can  be  made  at  and  through  the  frequencies  of 
the  peaks  if  care  is  taken  to  avoid  extraneous  resonances  of  supporting 
stands  at  low  frequencies  and  unstable  conditions  at  high  frequencies 
caused  by  air  in  the  water.  The  presence  of  air  will  lower  the  high- 
frequency  resonance.  It  is  recommended  that  comparison  measurements  oe 
made  in  the  frequency  range  100  to  1000  Hz  for  greatest  accuracy. 
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Procedure 

Pill  the  calibration  tube  with  clean,  fresh  water  eo  that,  with  the 
hydrophone  submerged,  the  water  level  will  be  within  l.S  em  of  the  top. 
After  fining,  dislodge  any  clinging  air  bubbles  with  a  bottle  brush  or 
some  similar  device.  Next,  immerse  the  reference  hydrophone  in  the  tube 
so  that  the  center  of  its  active  element  is  approximately  11  to  12  cm 
from  the  driving  piston.  Take  care  to  insure  that  no  air  bubbles  are 
trapped  under  the  hydrophone.  After  reading  the  output  of  the  reference 
hydrophone,  immerse  the  hydrophone  to  be  calibrated  so  that  its  acoustic 
center  is  at  exactly  the  same  distance  from  the  driving  piston  and  the 
water  level  is  the  same  at  for  the  reference  reading,  A  difference  of 
6  mm  in  distance  from  the  piston  or  in  water  level  will  result  in  e  0,3 
to  0,4  dB  difference  in  sound  pressure  level. 

Limitations 

'  The  limitations  of  the  method  aret  (1)  When  dimeneionelly  different 

hydrophones  are  to  be  compared,  the  locations  of  the  sensitive  elements 
ol  the  hydrophones  must  be  known.  (2)  The  vortical  position  of  the  acous¬ 
tic  center  of  the  hydrophone  in  the  tube  munt  be  known  with  reeeoneble 
accuracy.  (3)  The  acoustic  impedance  of  the  hydrophone  must  be  high  in 
comparison  with  the  impedances  of  the  tube  system.  (4)  The  frequenoy 
range  is  limited. 

Advantages 

The  advantages  of  the  method  aret  (1)  Instruments  oen  be  easily 
inserted  and  removed  from  the  tank,  (2)  There  is  no  coupling  problem  as 
occurs  with  closed  air  chambers,  (3)  The  equipment  is  rugged.  (4)  It  i* 
easily  handled  and  portable.  (5)  It  is  virtually  unaff acted  by  tempera¬ 
ture.  (6)  Because  of  the  high  acoustic  pressure  available,  only  a 
j  voltmeter  and  a  signal  generator  are  required)  no  power  amplifier  or 

1  voltage  amplifier  is  needed. 

Absolute  calibrations  are  possible  if  the  various  parameters  ere 
measured  carefully  enough.  Absolute  calibration  is  not  the  intent,  how¬ 
ever,  because  much  more  sophisticated  methods  are  available  for  this  pur¬ 
pose.  A  comparison  calibration  wherein  an  unknown  is  compared  with  a 
standard  is  the  most  practical  and  convenient  application  of  the 
calibrator. 

Reference 

l 

|  c.  c.  Sims,  "Hydrophone  Calibrator,"  USRL  Research  Report  No.  60, 

12  Apr  1962  (AD-279  904) . 
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Fig.  N3.  (Right)  Cvoaa  taction, 
type  Sit  calibrator. 
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Fig.  N4.  Equivalent  cirouit,  type  calibrator. 
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Fig,  Nli  ilwplifiad  aquivalant  ataohanioai  (loft u  and 
aeouatieal  (right)  oir«uita»  typ«  919  calibrator, 


Frtquancy  (kHi) 


Fig.  N6.  Typical,  aound  praaaura  in  type  Q19 
calibrator  aa  maaaurad  by  a  oonatant-aonaitivity 
hydrophona  for  a  *3-V  input  to  calibrator. 


Appendix  0 


Typt  G34 
TRANSDUCER 


Gtnertl  OtieHptlon 

The  U«KD  type  334  tranadueer  it  primtrily  t  aound  aouraa  for  tha  fre¬ 
quency  range  300  H«  to  3  kH«,  but  it  may  alec  bt  uttd  u  a  receiver, 
figure  01  it  «  photograph  of  the  tranaduoer. 


Mfl.  01,  USWD  typt  <334  trtnaduotr. 

The  transducer  oontittt  of  two  aluminum  pistons  3W.5  am  in  diameter 
driven  by  seven  stacks  of  laad  aireonate-fcitanate  diska  S  am  in  diamatar 
by  0,633  am  thick.  Thia  piaaoalaatric  aaramic  piaton  assembly  ia  mountad 
in  a  cylindrical  hooting  made  of  aluminum,  steel,  or  barylliura-noppar, 
depending  upon  tha  atrial  number.  Tha  homing  of  tha  lataat  modal  ia  of 
beryllium-copper,  which  haa  low  corroaion  and  high  atrangth  characteris¬ 
tic*,  The  aluminum  pistons  of  thia  modal  are  covarad  with  butyl  rubbar, 
and  a  biaa  bolt  it  uted  through  tht  otnttr  of  tht  piaton.  Tha  alaotrioal 
oabla  ia  attaohad  by  a  plug-in  underwater  bulkhead  connector.  Figure  03 
ahowt  tha  electrical  circuit. 

Specifications 

frequently  ienge;  300  Hi  to  3  kHa 

Fiee- field  voltage  eenoitivity:  -100.7  dB  re  1  v/uPm  at  end  of 

30-m  cable 


Transmitting  voltage  response;  123  dB  re  1  uPa/V  at  1  kHs  at 

and  of  30-m  cable 

Maximum  driving  voltage;  1000  v  me 

Nominal  oapaaitanoe;  0.48  wF 

D-a  resistance;  200  Mft 

Operating  temporature  range:  0  to  35°c 

Maximum  operating  depth :  depends  on  housing  material « 

steel  (serials  1-5) ,  345  m 
aluminum  (serials  6-9) ,  241  m 
Be-Cu  (serials  10  and  up) ,  1379  m 

Height:  depends  on  housing  material t 

steel  (serials  1-5) ,  41  kg 
aluminum  (serials  6-9) ,  26  kg 
Bs-Cu  (serials  10  and  up) ,  60  kg 

Electroacoustic  Characteristics 

Figure  03  shows  typical  transmitting  voltage  response.  The  G34 
transducer  will  produce  an  undistorted  source  level  that  is  linear  with 
driving  voltage  up  to  1000  V  rms  in  the  frequency  range  200  Hs  to  3  kHs. 
Typical  transmitting  ourrent  response  is  shown  in  Fig.  04. 

Figure  05  shows  typioal  tree-field  voltage  sensitivity  at  the  end  of 
a  76-m,  2-conductor ,  shielded  cable. 

The  type  G34  transducer  has  been  calibrated  in  the  temperature  range 
22  to  27°C,  but  it  has  not  been  calibrated  at  depths  greater  than  15  m. 

It  may  be  operated  to  the  depth  indicated  under  "Specifications"  for  the 
three  different  housing  materials. 

The  electrical  impedance  of  the  G34  transducer,  measured  in  water 
under  free-field  conditions,  is  shown  in  Fig.  06. 

Directivity.  The  typo  034  transducer  is  omnidirectional  within  il  dB 
in  the  plane  of  the  acoustic  center  (Y2)  up  to  3  kHs.  Typical  directivity 
patterns  in  the  vertical  (XZ)  plane  are  shown  in  Fig.  07. 


Preparation  for  Use 

Figure  08  is  a  dimensioned  outline  drawing  showing  the  orientation 
of  the  transducer.  Mount  the  transducer  by  using  the  attached  lugs  or 
by  applying  a  clamp  around  the  cylindrical  housing.  Do  not  use  an  eye 
bolt  in  either  piston  for  mounting  or  lifting.  Before  submerging  it, 
wash  the  entire  transducer  thoroughly  with  water  and  detergent  to  elimi¬ 
nate  bubbles  that  may  cling  to  the  outer  surface.  Permit  the  temperature 
of  the  transducer  to  stabilise  with  that  of  the  water  before  making  any 
measurements. 
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Fig,  02.  (Right)  wiring 
diagram,  type  Q34  transducer . 
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Fig,  04,  (Right)  Typical  trans¬ 
mitting  ourrent  response,  type 
G34  transducer,  unbalanced, 
black  lead  and  shield  grounded, 

76-m  cable. 


Fig,  05.  (Right)  Typical  free- 
field  voltage  aenaitivity,  type  i 

OS4  tranaduoar j  open-oircuit  - 

voltage  at  and  of  76-m  cable,  * 

unbalanced,  black  laad  and  1 

•hi aid  grounded. 
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Fig.  06.  (Laft)  Typioal  impad- 
anoa  of  typa  034  tranaduoar 
undar  free- field  oonditiona  in 
water. 


Fig.  07.  (Right)  Typical  direc¬ 
tivity  pattarna  in  tha  vartical 
(X2)  plana,  typa  034  tranaduoar. 
Scale t  cantar  to  top  of  grid, 
aach  pattern,  a qua la  50  dB. 
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Type  HI  1 
HYDROPHONE 

General  Description 

The  USRD  type  Hll  hydrophone  is  designed  for  use  in  the  frequency 
range  3  Hz  to  2  kHz.  The  hydrophone  is  usable  down  to  0.3  Hz;  however 
the  loss  in  the  preamplifier  increases  by  approximately  6  dB  per  octave 
below  3  Hz.  Figure  PI  is  a  photograph  of  the  hydrophone. 


Fig.  PI.  USRD  type  Hll  hydrophone. 

The  hydrophone  consists  of  a  piezoelectric  sensor  element  and  an 
associated  preamplifier  assembled  into  a  single  unit.  The  sensor  element 
consists  of  six  Y-cut  lithium  sulfate  crystals  2.54  cm  in  diameter  and 
0.305  cm  thick  (the  crystals  in  serials  131  to  145  are  0.228  cm  thick). 
The  crystals  with  their  electrodes  are  cemented  together  into  a  single 
stack  and  are  connected  electrically  in  parallel.  The  acoustic  window  is 
Teflon,  which  has  low  water  permeability  and  greatly  increases  the  life 
of  the  hydrophone.  The  preamplifier  is  a  cathode-follower  circuit  that 
offers  a  high  input  impedance  to  the  crystal  transducer  and  an  output 
impedance  of  approximately  600  0.  A  transistor  preamplifier  can  be  pro¬ 
vided  if  required.  A  12-m,  2-pair,  shielded,  6-conductor  cable  is  con¬ 
nected  to  the  hydrophone  through  a  watertight  seal. 

Specifications 

Frequency  range:  0.3  He  to  2  kHz 

Free-field  voltage  sensitivity  -188  dB  re  1  V/yPa  at  1  kHz  at  end 

(nominal):  of  12-m  cable 

Maximum  hydrostatic  pressure:  6.9  MPa  (690 -a  depth) 

Operating  temperature  range:  0  to  35°c 

Preamplifier:  cathode  follower 

Preamplifier  output  impedance:  approximately  6000 
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Power  requirements: 

Height  with  12-m  cable: 
Shipping  weight: 


B-supply,  135  V,  3-4  mA 
A-supply,  6  V,  150  mA 

6.4  kg 

14  kg 


Preamplifier 

The  over-all  response  of  the  hydrophone  consists  of  (1)  the  open- 
circuit  crystal  voltage,  (2)  the  voltage  loss  due  to  coupling  the  crystal 
to  the  preamplifier,  and  (3)  the  voltage  loss  or  gain  of  the  preamplifier. 
When  these  three  quantities,  expressed  in  decibels,  are  totaled,  the  sum 
represents  the  over-all  response  of  the  hydrophone.  The  sum  of  the  coup¬ 
ling  loss  and  the  preamplifier  gain  or  loss  is  called  the  "preamplifier¬ 
coupling  characteristic."  The  crystal-to-amplifier  voltage  loss,  or 
coupling  characteristic,  and  the  preamplifier  gain  or  loss  are  collec¬ 
tively  measured  by  inserting  a  known  calibrating  voltage  (not  greater 
than  0.1  V)  across  a  precision  10-ft  resistor  in  series  with  the  crystal 
and  preamplifier  input.  The  typical  preamplifier  coupling  characteristic 
for  the  type  Hll  hydrophone  is  shown  in  Fig.  P2. 

The  power  supply  and  output  connections  of  the  hydrophones  are  shown 
in  the  schematic  circuit.  Fig.  P3.  For  the  lowest  loss  in  the  pre¬ 
amplifier,  the  hydrophone  output  should  be  terminated  by  a  load  greater 
than  10  000  (2.  The  output  is  unbalanced. 

The  A-supply  battery  voltage  may  vary  from  +0.5  V  to  -1.0  v  from  the 
nominal  6.0  V,  and  the  B-supply  battery  voltage  may  vary  by  ±10  V  from 
the  nominal  135  V.  If  a  long  extension  cable  is  used,  due  allowance 
should  be  made  to  maintain  these  voltages  at  the  end  of  the  extension 
cable. 

The  type  9002  triode  tube  in  the  preamplifier  is  selected  and  aged. 
Hydrophones  serials  131  to  145,  and  a  few  of  the  hydrophones  with  a  lower 
serial  number  that  have  been  modified,  contain  the  type  Raytheon  CK6533 
tube. 

Electroacoustic  Characteristics 

The  free-field  voltage  sensitivity  of  the  type  Hll  hydrophone  is 
established  by  comparison  with  standard  hydrophones  in  free-field  open- 
water  measurements  or  by  the  reciprocity  method  in  a  closed-chamber  low- 
frequency  system.  The  typical  free-field  voltage  sensitivity  of  the 
type  Hll  hydrophone  is  shown  in  Fig.  P4.  The  sensitivity  of  the  type  Hll 
hydrophone  does  not  change  more  than  1,5  dB  with  temperature  from  5  to 
35°c .  The  sensitivity  does  not  ciiange  with  hydrostatic  pressure  up  to 
6.9  Pa. 

Equivalent  noiaa  pressure  of  the  type  Hll  hydrophone  is  shown  in 
Fig.  PS.  These  values  were  determined  from  measurements  made  with  a 
20-Hs  filter  in  the  electronic  measuring  system  and  were  verified  by 
measurements  with  a  low-noise  transistor  amplifier  and  a  General  Radio 
type  1554-A  sound  and  vibration  analyser. 


Preparation  for  Use 

Figure  P6  is  a  dimensioned  outline  drawing  showing  the  orientation 
of  the  hydrophone.  Mount  the  hydrophone  in  a  fixture  that  clamps  the 
body.  It  may  be  used  in  any  position  desired.  Wash  the  diagram  with 
a  wetting  agent,  and  stir  the  instrument  under  water;  this  will  help  to 
free  most  of  the  trapped  air  bubbles.  Do  not  hang  the  instrument  by 
the  cable  because  the  strength  of  the  packing  gland  is  not  sufficient  to 
support  the  weight. 

Reference 

I.  D.  Groves,  "The  USKL  Infrasonic  Hydrophone  Type  Hll,"  Navy  Under¬ 
water  Sound  Reference  Laboratory  Report  No.  37,  3  Jan  1956 
(AD-88  170). 


Fig .  P2.  (Above)  Typical  pro- 
asqpli.fi.er  coupling  characteris¬ 
tic,  type  Hll  hydrophone  (ratio 
in  decibels  of  open-circuit 
voltage  at  preamplifier  output 
to  open-oircuit  crystal 
voltage) . 


7 

M 

“A 

MtU 

oowi 

NfAOCft 

_ a 

i 

r  “ 

•i 

iJ. 

2 

r 

:»«r 

«. 

u 

L*  *1 

• 

i 

“r»7 

nJ 

hV 

e,«  j  l 

•  w  1 1% 

<*  ! 

'agmctcm 

V? 

i 

r 

- 1 

Fig.  P3,  (Right)  Preamplifier 
circuit  diagram,  type  Hll  hydro¬ 
phone.  A  transistor  preampli¬ 
fier  can  be  provided  if 
required. 
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Fig  ^  P4.  Typical  free-field  voltage  sensitivity,  type  Hll  hydro' 
phon  ,  in  terms  of  open-circuit  voltage  at  end  of  12-m  cable. 


Fig.  P6,  (Right)  Dimension#  (in  centi¬ 
meters)  end  orientation  of  Hll 
hydrophone . 
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Appendix  Q 


Type  HI  7 
HYDROPHONE 


General  Description 

The  USRD  type  H17  hydrophone  is  designed  primarily  for  use  as  an  under¬ 
water  sound  measurement  standard  for  the  frequency  range  50  Hz  to  150  kHz 
and  for  use  at  hydrostatic  pressures  up  to  6.9  MPa.  The  hydrophone  con¬ 
sists  of  em  active  element  of  four  lithium  sulfate  crystals  mounted  in  a 
symmetrical-drive  arrangement  that  is  surrounded  by  castor  oil  in  a  butyl 
rubber  boot  and  a  high-impedance  cathode-follower  type  preamplifier  with 
a  600-0  output  impedance. 

The  hydrophone  normally  is  furnished  with  12  m  of  5-conductor,  shielded 
neoprene-covered  cable  with  a  type  AN3106-20-15P  connector  at  the  free  end. 
Figure  Q1  is  a  photograph  of  the  hydrophone. 


Fig.  Ql.  USRD  type  HI 7  hydrophone. 


Specifications 

Frequency  range: 

Free- field  voltage  sensitivity 

(nominal): 

Maximum  hydrostatio  pressure: 
Operating  temperature  range: 
Preamplifier: 

Preamplifier  output  impedance: 
Power  requirements: 

Weight  with  cable: 

Shipping  weight: 

Preamplifier 


20  Hz  to  150  kHz 

-201  dB  re  1  V/uPa  at  end  of  12-m 
cable 

6.9  MPa  (690-m  depth) 

0  to  33°C 

cathode  follower 

approximately  6000 

B- supply ,  135  V,  2  mA 
A- supply,  6  V,  20 0  mA 

3.9  kg 
9  kg 


The  over-all  response  of  a  hydrophone  consists  of  (1)  the  voltage 
generated  by  the  crystal  on  open  circuit,  (2)  the  voltage  lose  due  to 
coupling  the  orystal  to  the  preamplifier,  and  (3)  the  voltage  loss  or 
gain  of  the  preamplifier.  When  these  three  quantities  are  expressed  in 
decibels,  they  add  up  to  the  over-all  response  of  the  hydrophone. 
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Figure  Q2  shows  typical  coupling  loss  and  preamplifier  characteristic 
of  the  type  H17  hydrophone.  A  precision  10-£2  resistor  is  contained  in  the 
hydrophone  for  determining  the  loss  of  each  individual  hydrophone.  The 
calibration  voltage  across  the  resistor  should  not  exceed  0.1  V  when  the 
coupling  loss  measurement  is  made. 

The  power  supply  requirements  and  the  schematic  circuit  of  the  pre¬ 
amplifier  are  shown  in  Fig.  Q3.  For  the  least  loss  in  the  preamplifier, 
the  hydrophone  output  should  be  terminated  by  a  load  greater  than  10  kft. 
The  output  is  unbalanced;  that  is,  one  terminal  is  normally  at  ground 
potential.  The  output  is  connected  to  a  low-capacitance  coaxial  cable. 

The  A  supply  battery  voltage  may  vary  by  +0.5  v  to  -1.0  V  from  the 
nominal  6.0  V,  and  the  B  supply  voltage  may  be  ±10  V  from  the  nominal 
135  V.  If  an  extension  cable  is  used,  allowance  should  be  made  to  main¬ 
tain  these  voltages  at  the  output  end  of  the  12-m  cable. 

Electroacoustic  Characteristics 

The  free-field  voltage  sensitivity  of  the  type  H17  hydrophone  is 
established  by  comparison  with  standard  hydrophones  in  free-field  meas¬ 
urements  or  by  uhe  reciprocity  method.  Figure  Q4  shows  a  typical  free- 
field  voltage  sensitivity  curve  for  the  type  H17  hydrophone,  measured  in 
terms  of  open-circuit  crystal  voltage. 

The  effect  of  temperature  on  the  sensitivity  of  the  type  H17  hydro¬ 
phone  was  determined  in  a  low-frequoncy  closed  tank  and  in  an  anechoic 
closed  tank  in  which  the  temperature  of  the  water  was  controlled  from 
5  to  25°C.  The  voltage  sensitivity  in  the  frequency  ranges  10  to  500  Hz 
and  2  to  150  kHz  was  measured  at  a  sufficient  number  of  discrete  tem¬ 
peratures  to  define  any  trend.  The  open-circuit  voltage  sensitivity  of 
the  hydrophone  was  stable  within  ±0.5  dB  in  the  frequency  range  10  Hz  to 
15  kHz  and  temperature  range  5  to  25  °C,  and  within  ±2.0  dB  from  15  to 
150  kHz  in  the  same  temperature  range. 

The  effect  of  hydrostatic  pressure  on  the  sensitivity  was  determined 
in  the  same  closed  tank*!  i  a  which  the  temperature  characteristics  were 
determined.  Free-field  voltage  sensitivity  measurements  were  made  in  the 
frequency  ranges  10  to  500  Hz  and  2  to  150  kHz  at  the  hydrostatic  pres¬ 
sure  6.9  MPa.  The  open- circuit  voltage  sensitivity  of  the  hydrophone 
remained  the  same  within  ±1.0  dB  from  10  Hz  to  50  kHz,  and  within  ±1.5 
dB  from  50  to  150  kHz  at  pressures  from  0  to  6.9  MPa. 

The  equivalent  noise  pressure  of  the  type  H17  hydrophone  is  shown  in 
Fig.  Q5.  This  curve  agrees  well  with  the  theoretical  values.  These 
measurements,  made  with  a  10-Hz  filter  in  the  electronic  calibration  sys¬ 
tem,  were  verified  by  laboratory  measurements  with  a  low-noise -level 
transistorized  amplifier  and  a  General  Padio  type  1554-A  sound  and  vibra¬ 
tion  analyser. 

Directivity.  The  type  H17  hydrophone  is  omnidirectional  within  ±1.0 
dB  at  frequencies  below  50  kHz  in  the  horizontal  (XY)  plane;  that  is,  the 
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plan*  normal  to  the  vertical  axil  of  the  preamplifier  housing.  The  hydro¬ 
phone  ie  bidirectional  in  the  aame  plane  at  the  0  and  110-deg  orientationa 
within  ±1.0  dB  in  the  frequency  range  SO  Ha  to  150  kHs.  Directivity  pat¬ 
terns  of  the  hydrophone  for  the  XY,  X2,  and  Yt  plane*  are  a  town  in  Pige. 

Q6 ,  Q7 ,  and  Q8.  K  ateel-atamped  "O"  on  the  »ev.ai  housing  immediately 
above  the  rubber  boot  ia  the  aero  reference  for  the  hydrophone. 

The  maximum  sound  pressure  that  can  be  measured  with  the  type  H17 
hydrophone  ia  limited  by  the  highest  volt Age  that  can  be  impressed  on  the 
input  of  the  preamplifier  without  distortion.  The  type  H17  hydrophone 
can  be  used  at  sound  pressures  up  to  210  dB  re  1  uPa  without  overloading 
the  preamplifier. 

Preparation  of  the  Hydrophone  for  Use 

Figure  Q9  is  a  dimensioned  outline  drawing  showing  the  orientation 
of  the  hydrophone.  Mount  the  hydrophone  in  a  fixture  that  clamps  around 
the  case  near  the  cable  gland.  Do  not  aupport  it  by  the  oable.  Wash 
the  rubber  boot  with  a  wetting  agent.  Completely  remove  ell  eir  bubbles 
from  the  boot  to  avoid  erroneous  results. 

Reference 


I.  D.  Groves,  "The  USKL  Broadband  Hydrophona  Type  H17, "  Navy  Under¬ 
water  Sound  Reference  Laboratory  Research  Report  No.  59,  15  Feb  1962 
(AD-271  910} . 
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Fig.  Q2.  Typical  preamplifier  coupling  character¬ 
istic,  type  H17  hydrophone  (ratio  in  decibels  of 
open-circuit  voltage  at  preamplifier  output  to 
open-circuit  crystal  voltage) . 
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Fig.  Q4.  Typioal  free-field  voltage  sensitivity 
type  H17  hydrophone  (open-circuit  voltage  at  end 
of  12 -m  cable) . 


Fig,  Q5,  Equivalent  noit*  prottur*,  typ*  N17 
hydrophone  (computed  from  no  it*  volttg*  mu* 
ur*d  *t  *nd  of  12-»  othlt) . 
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Fig.  Q6.  Typical  directivity  patterns  in  the  XY  plane,  type  H17  hydro¬ 
phone.  Scale t  Center  to  top  of  grid,  each  pattern,  equals  50  dB. 
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Fig.  Q9.  Dimensions  (in 
aentlmetera)  and  orien¬ 
tation  o£  type  H17 
hydrophone . 


Appendix  R 


Type  H17M 
HYDROPHONE 


General  Description 

The  USRD  type  H17M  (modified)  hydrophone  is  designed  primarily  f 
use  a«  an  underwater  sound  measurement  standard  in  the  frequency  rah^e 
20  Hz  to  ISO  kHz.  The  sensitive  element  consists  of  four  lithium  sulfate 
crystals  mounted  on  rubber  supports  in  a  castor-oil-filled  butyl  rubber 
boot.  A  solid-state  preamplifier  provides  high  input  impedance  and  low 
output  impedance  through  the  use  of  field-effect  transistors  in  a  circuit 
stabilized  by  feedback.  The  voltage  gain  is  10  dB. 

Normally,  the  hydrophone  is  supplied  with  a  12-ro,  5-conductor, 
shielded,  neoprene -covered  cable  with  a  type  AN3106-20-15P  connector  at 
the  free  end.  Longer  cables  (300  to  600  m)  can  be  used,  however,  with 
reduction  in  the  dynamic  range. 

Figure  R1  is  a  photograph  of  the  hydrophone. 


Fig.  R1 .  USRD  type  H71M  hydrophone. 


Specifications 

Frequency  range: 

Free-field  voltage  sensitivity 

(nominal) 

Maximum  hydrostatic  pressure: 
Operating  temperature  range: 
Preamplifier: 

Preamplifier  output  impedanoe: 
Power  requirements: 

Weight  with  12-m  oable: 
Shipping  weight: 

Preamplifier 


20  Hz  to  150  kHz 

-191  dB  re  1  V/pPa  to  150  kHz  at 
end  of  12-m  cable 

6.9  MPa  (690-m  depth) 

0  to  35°C 

transistorized,  10-dB  gain 

less  than  35  0  in  series  with  100  pF 

12  V,  5.0  mA 

3.9  kg 
9  kg 


Figure  R2  shows  the  wiring  diagram  of  the  cable  and  calibration  cir¬ 
cuit  of  the  type  H17M  hydrophone.  The  transistorized  preamplifier  pro¬ 
vides  a  hydrophone  output  impedance  of  35  ft  in  series  with  100  pF.  The 


unbalanced  output  Is  connected  to  an  RG188/U  coaxial  cable  that  is  part 
of  the  five-conductor  hydrophone  cable. 

The  over-all  voltage  sensitivity  of  a  hydrophone  consists  of  the  sum 
in  decibels  of  (1)  the  open-circuit  voltage  generated  by  the  crystal, 

(2)  the  voltage  loss  due  to  coupling  of  the  crystal  to  the  preamplifier, 
and  (3)  the  voltage  loss  or  gain  of  the  preamplifier  operating  into  its 
normal  load.  The  typical  hydrophone  preamplifier  coupling  gain,  which  is 
the  ratio  in  decibels  of  the  open-circuit  voltage  at  the  preamplifier 
output  to  the  open-circuit  crystal  voltage,  is  4.0  ±  0.5  dB.  Each  hydro¬ 
phone  contains  a  precision  10-0  resistor  for  use  in  determining  the  pre¬ 
amplifier  coupling  gain.  Do  not  apply  move  than  0.1  V  aovoee  this 
veeietov  when  making  these  measurements. 

When  a  12-m  cable  is  used,  the  dynamic  range  of  the  preamplifier  is 
such  that  sound  pressures  of  3200  Pa  (190  dB  re  1  yPa)  can  be  measured  at 
frequencies  below  30  kHz  without  preamplifier  overload.  For  undistorted 
output  signal  at  higher  frequencies,  the  sound  pressure  limit  is  lower. 

Electroacoustic  Characteristics 

The  free-field  voltage  sensitivity  of  the  type  H17M  hydrophone  is 
determined  by  comparison  with  standard  hydrophones  in  free-field  measure¬ 
ments,  or  by  the  reciprocity  method.  Figure  R3  shows  the  typical  free- 
field  voltage  sensitivity  in  terms  of  open-circuit  voltage  at  the  end  of 
a  12-m  cable. 

The  effect  of  temperature  and  hydrostatic  pressure  on  the  sensitivity 
of  the  H17M  hydrophone  has  been  determined  in  closed  tanks  under  con¬ 
trolled  conditions  of  temperature  and  pressure.  Measurements  indicate 
that  the  free-field  voltage  sensitivity  in  the  frequency  range  20  Hz  to 
150  kHz  changes  by  less  than  1.5  dB  with  temperature  from  10  to  25  °C.  No 
greater  change  would  be  expected  in  the  range  5  to  35°C.  The  sensitivity 
is  not  affected  by  hydrostatic  pressure  to  6900  kPa. 

Figure  R4  shows  the  equivalent  noise  pressure  of  the  type  H17M  hydro¬ 
phone  These  measurements  were  made  with  a  1/3-octave  filter,  an  80-dB- 
gain,  low-noise,  transistorized  amplifier,  and  a  General  Radio  1554A 
sound  and  vibration  analyzer. 

Directivity.  The  hydrophone  is  omnidirectional  within  11  dB  in  the 
plane  (XY)  normal  to  the  longitudinal  axis  at  frequencies  below  40  kHz. 

It  is  bidirectional  within  ±1  dB  in  the  XY  plane  at  the  0-  and  180-deg 
orientations  in  the  frequency  range  20  Hz  to  150  kHz.  The  vertical 
(XZ  plane)  directivity  is  equivalent  to  that  of  a  2.54-cm  line.  Hori¬ 
zontal  and  vertical  patterns  are  shown  in  Figs.  R5  and  R6,  respectively. 

Preparation  for  Use 

Figuro  R7  is  a  dimensioned  outline  drawing  of  the  hydrophone  showing 
its  orientation.  Mount  tho  hydrophone  in  a  fixture  that  can  be  clamped 
around  the  case  near  the  cable  gland.  Do  not  support  the  hydrophone  by 
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Fig.  R2.  Wiring  diagram,  type  H17M  hydrophone. 
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Fig.  R5.  Typical  directivity  pat¬ 
terns  in  the  horizontal  (XY)  plane* 
type  H17M  hydrophone.  Scales 
center  to  top  of  grid*  each  pat¬ 
tern,  equals  50  dB. 


Fig.  R6.  Typical  directivity  pat¬ 
terns  in  the  vertical  (XZ)  plane, 
type  H17M  hydrophone.  Scales 
center  to  top  of  grid,  each  pat¬ 
tern,  equals  50  dB. 


Fig.  R7.  (Right)  Dimen¬ 
sions  (in  centimeters ) 
and  orientation,  type 
H17M  hydrophone. 
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Appendix  S 


Type  H23 
HYDROPHONE 

General  Description 

The  USRD  type  H23  hydrophone  is  designed  primarily  for  use  as  an 
underwater  sound  measurement  standard  in  the  frequency  range  20  Hz  to 
150  kHz.  Figure  SI  is  a  photograph  of  the  hydrophone. 
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Fig.  SI.  USRD  type  H23  hydrophone. 

The  sensitive  element  consists  of  eight  lithium  sulfate  crystals 
mounted  on  rubber  supports  in  a  castor-oil-filled  butyl  rubber  boot.  A 
solid-state  preamplifier  provides  high  input  impedance  and  low  output 
impedance  through  the  use  of  field-effect  transistors  in  a  circuit 
stabilized  by  feedback.  The  voltage  gain  is  10  dB. 

Normally,  the  hydrophone  is  supplied  with  23  m  of  5-conductor 
shielded  neoprene-covered  cable  with  a  type  AN3106-20-15P  connector  at 
the  free  end.  Longer  cables  (300  to  600  m)  can  be  used  with  a  resultant 
loss  in  sensitivity,  particularly  at  the  higher  frequencies,  and  with  a 


reduction  in  dynamic  range. 

Specifications 

Frequency  range: 

Free- field  voltage  eeneitivity 

(nominal) : 

Maximum  hydrostatic  preeoure : 
Operating  temperature  range: 
Preamplifier: 

Preamplifier  output  impedance: 
Power  requirements: 

Weight  with  23-m  cable: 

Shipping  weight: 


20  Hz  to  150  kHz 

-188  dB  re  1  V/pPa  to  20  kHz  at  end 
of  23-m  cable; 

above  20  kHz,  the  average  end-of- 
cable  sensitivity  is  approximately 
-191  dB  re  1  V/pPa 

17  MPa  (1700-m  depth) 

0  to  35®C 

transistorized,  10-dB  gain 

less  than  35  Q  in  series  with  100  pF 

12  V,  5.0  mA 
6  kg 

13  kg 

98 
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Preamplifier 

The  over-all  sensitivity  of  a  hydrophone  consists  of  (1)  the  voltage 
generated  by  the  crystal  on  open  circuit,  (2)  the  voltage  loss  due  to 
coupling  of  the  crystal  to  the  preamplifier,  and  (3)  the  voltage  loss  or 
gain  of  the  preamplifier  operating  into  its  normal  load.  The  sum  of 
these  three  quantities  expressed  in  decibels  in  the  over-all  sensitivity 
of  the  hydrophone. 

Figure  S2  shows  the  typical  coupling  loss  characteristic  of  the 
transistorized  preamplifier.  The  associated  circuitry  is  shown  in  Fig. 

S3.  Each  hydrophone  contains  a  precision  10-A  resistor  for  use  in  deter¬ 
mining  the  preamplifier  coupling  characteristic .  Do  not  apply  more  than 
0.1  V  across  the  precision  resistor  when  making  the  coupling  measurement . 

The  nominal  output  impedance  is  less  than  35  A  in  series  with  100  pF . 
The  unbalanced  output  is  connected  to  an  RG188/U  coaxial  cable  that  is 
part  of  the  5-conductor  cable.  When  23  m  of  cable  are  used,  the  dynamic 
range  of  the  preamplifier  is  such  that  sound  pressures  of  3.2  kPa  (190  dB 
re  1  yPa)  can  be  measured  without  overload  below  30  kHz.  For  undistorted 
output  signal  at  higher  frequencies,  the  sound  pressure  Jimit  is  lower. 

Electroacoustic  Characteristics 

The  free-timid  voltage  sensitivity  of  the  type  H23  hydrophone  is 
determined  by  comparison  with  standard  hydrophones  in  free-field  measure¬ 
ments,  or  by  the  reciprocity  method.  Figure  S4  shows  typical  free-field 
voltage  sensitivity  in  terms  of  open-circuit  voltage  at  the  end  of  the 
23-m  cable. 

The  effect  of  temperature  and  hydrostatic  pressure  on  the  sensitivity 
of  the  H23  hydrophone  has  been  determined  in  closed  tanks  under  controlled 
conditions  of  temperature  and  pressure.  Measurements  indicate  that  the 
free-field  voltage  sensitivity  in  the  frequency  range  20  Hz  to  150  kHz 
changes  less  than  1.5  dB  with  temperature  from  5  to  25 °C.  The  sensitivity 
is  not  affected  by  hydrostatic  pressure  to  7  MPa.  Little  or  no  change 
has  been  found  at  pressures  to  and  including  the  maximum  design  pressure 
17  MPa  in  the  frequency  range  100  to  4000  Hz.  Measurements  have  not  been 
made  above  4000  Hz  at  pressure  greater  than  7  MPa. 

Figure  85  shows  the  typical  equivalent  noise  pressure,  which  is  the 
sound  pressure  that  is  equivalent  to  the  open -circuit  noise  voltage  gene¬ 
rated  by  the  hydrophone.  Equivalent  noise  pressure  can  be  computed  from 

the  relation  ,  where  p^  is  the  equivalent  noise  pressure, 

sn  n  s  en 

«  is  the  noise  voltage  per  hertz,  and  is  the  free-field  voltage 
sensitivity. 

Directivity.  The  hydrophone  is  omnidirectional  within  ±1  dB  in  the 
plane  (XY)  normal  to  the  longitudinal  axis  at  frequencies  below  50  kHz. 

It  is  bidirectional  within  ti  dB  in  the  XY  plane  at  the  0-  and  180-deg 
orientations  in  the  frequency  range  20  Hz  to  150  kHz.  The  vertical  (XZ 
plane)  directivity  is  equivalent  to  that  of  a  5 -am  line.  Horizontal  and 
vertical  patterns  are  shown  in  Figs.  86  and  87,  respectively. 
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Prepare « ion  ar.d  Use 

Figure  S8  is  a  dimensioned  outline  drawing  showing  the  orientation 
of  the  hydrophone.  Mount  the  hydrophone  in  a  fixture  that  can  be  clamped 
around  the  case  near  the  cable  gland.  Do  not  support  the  hydrophone  by 
the  cable.  Wash  the  hydrophone  thoroughly  with  a  wetting  agent  or  a 
detergent  to  remove  completely  all  air  bubbles  from  the  boot  and  reduce 
the  possibility  of  erroneous  results. 


Frtqutncy  (kHz) 


Fig.  S2.  Typical  coupling  loss,  transistorized 
preamplifier  of  type  H23  hydrophone  (ratio  in 
decibels  of  open-circuit  voltage  at  preamplifier 
output  to  open-circuit  crystal  voltage) . 
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Fig.  S3.  Wiring  diagram,  type  H23  hydrophone. 


(UK) 

Fig.  S4,  Typical  free-ffield  voltage  sensitivity, 
type  H23  hydrophone  (open-circuit  voltage  at  end 
of  23— a  cable) . 
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Fig.  $8,  Typical  equivalent  noiaa  preaeuire,  type  H23 
hydroplane . 


Fig,  S6,  (Right)  Typical  directivity 
pattern*  in  the  horiaontal  (XY)  plana, 
type  H23  hydrophone.  Scale t  center 
to  top  of  grid,  eaoh  pattern#  equal* 
SO  dB. 
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Fig.  S7,  (Right)  Typical  directivity 
pattern*  in  the  vertical  (XZ)  plane, 
type  H23  hydrophone.  Scale t  center 
to  top  of  grid,  each  pattern,  equals 
50  dB. 


Fig.  S8.  (Right)  Dimensions 
(in  centimeters)  and  orienta 
tion  of  type  H23  hydrophone. 
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Appendix  T 


Type  H52 
HYDROPHONE 


General  Description 

The  USRD  type  H52  hydrophone  is  an  underwater  sound  measurement 
standard  for  use  in  the  frequency  range  20  Hz  to  150  kHz.  It  can  be 
used  to  a  depth  of  5200  m.  Figure  T1  is  a  photograph  of  the  hydrophone. 


Fig.  T1 .  USRD  type  H52  hydrophone. 


The  sensitive  element  consists  of  eight ,  lithium  sulfate  crystals 
mounted  on  rubber  supports  in  a  castor-oil-fi.lled  butyl -rubber  boot. 

A  solid-state  preamplifier  within  the  transducer  housing  provides  high 
input  impedance,  low  output  impedance,  and  a  10-dB  voltage  gain. 

Normally,  the  hydrophone  is  supplied  with  23  m  of  multiconductor, 
shielded,  neoprene-covered  cable  bonded  to  the  transducer  and  terminated 
by  a  type  AN3106-20-15P  connector.  Longer  cables  can  brf  used,  however, 
with  a  reduction  in  the  dynamic  range. 

Specifications 

Frequenoy  range:  20  Hz  to  150  kHz 

Free-field  voltage  sensitivity  -187  dB  re  1  v/yPa  to  150  kHz 

(nominal):  at  end  of  23-m  cable 

Maximum  hydroetatio  preeeure:  52  MPa  (5200-m  depth) 

Operating  temperature  range:  0  to  35°c 

Preamplifier:  transistorized/  10-dB  gain 

Preamplifier  output  impedance:  less  than  35  fi  in  series  with  100  yF 

Power  requirement:  12  v  d-c,  lo  mA 

Weight  with  23-m  oable:  4.3  kg 

Shipping  weight:  12  kg 

Preamplifier 

The  wiring  diagram  of  circuitry  associated  with  the  integral  pre¬ 
amplifier  is  shown  in  Fig.  T2.  The  unbalanced  output  is  connected  to 
an  RG174/U  coaxial  cable  that  is  part  of  the  hydrophone  cable. 
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The  over-all  voltage  sensitivity  of  a  hydrophone  consists  of  the  sum 
in  decibels  of  (1)  the  voltage  generated  by  the  crystal  on  open  circuit, 

(2)  the  voltage  loss  due  to  coupling  of  the  crystal  to  the  preamplifier, 
and  (3)  the  voltage  losy  or  gain  of  the  preamplifier  operating  into  its 
normal  load.  The  typical  H52  hydrophone  voltage  coupling  gain— the  ratio 
in  decibels  of  the  open-circuit  voltage  at  the  preamplifier  output  to  the 
open-circuit  crystal  voltage — is  8.0  ±  0.5  dB  from  20  Hz  to  150  kHz. 

Each  hydropone  contains  a  precision  10-ft  resistor  for  use  in  determining 
the  hydrophone  voltage  coupling  gain.  Do  not  apply  more  than  0.1  V 
across  this  resistor  when  making  the  coupling  measurement. 

To  prevent  excessive  input  voltage  to  the  preamplifier,  the  maximum 
sound  pressure  to  which  the  hydrophone  is  subjected  with  23  m  of  cable 
should  be  limited  to  5600  Pa  (195  dB  re  1  yPa) . 

Electroacoustic  Characteristics 

The  free-field  voltage  sensitivity  of  the  typ®  H52  hydrophone  is 
determined  by  comparison  with  standard  hydrophone  in  free-field  measure¬ 
ments,  or  by  the  reciprocity  method.  Figure  T3  shows  the  typical  free- 
field  voltage  sensitivity. 

The  effect  of  temperature  and  hydrostatic  pressure  on  the  sensitivity 
of  the  H52  hydrophone  has  been  determined  in  closed  tanks  under  controlled 
conditions  of  temperature  and  pressure.  The  free-field  voltage  sensi¬ 
tivity  in  the  frequency  range  20  Hz  to  100  kHz  changes  less  than  1.0  dB 
with  temperature  from  3  to  25°C  at  pressure  to  6.9  MPa.  From  100  to 
150  kHz,  the  variation  in  sensitivity  with  temperature  is  caused  by 
changes  in  the  characteristic  impedance  of  the  butyl  rubber  boot.  No 
change  in  sensitivity  with  temperature  has  been  observed  up  to  51.7  MPa 
in  the  frequency  range  20  Hz  tc  4  kHz.  Measurements  have  not  been  made 
above  4  kHz  at  pressure  greater  than  6.9  MPa. 

Figure  T4  shows  the  typical  equivalent  noise  pressure ,  which  is  the 
sound  pressure  equivalent  to  the  open-circuit  noise  voltage  generated  by 
the  hydrophone.  These  measurements  were  made  with  a  1/3-octave  filter, 
an  80-dB-gain,  low-noise,  transistorized  amplifier,  and  a  General  Radio 
1554-A  sound  and  vibration  analyzer. 

Directivity .  The  hydrophone  is  omnidirectional  within  ±1  dB  in  the 
plane  (XY)  normal  to  the  longitudinal  axis  at  frequencies  below  50  kHz. 

The  vertical  (XZ  plane)  directivity  is  equivalent  to  that  of  a  5-cm  line. 

Above  50  kHz,  the  hydrophone  protective  guard  affects  directivity  in 
the  XY  plane.  These  variations  nan  be  seen  in  Fig.  T5,  which  shows  typi¬ 
cal  directional  characteristics  in  the  XY  plane,  with  and  without  the 
guard «  Figure  T6  shows  patterns  in  the  vertical  (XZ)  plane. 

Preparation  for  Use 

Figure  T7  it  a  dimensioned  outline  drawing  showing  the  orientation  of 
the  hydrophone.  Mount  the  hydrophone  in  a  rigid  fixture  that  can  be 


clamped  around  the  case  near  tha  cable  gland.  Do  not  support  the  hydro¬ 
phone  by  its  cable.  Wash  the  hvdtrophone  thoroughly  with  a  wetting  agent 
or  a  detergent  to  remove  completely  all  air  bubbles  from  the  boot  and 
reduce  the  possibility  of  erroneous  results.  The  protective  guard  can 
be  removed  to  improve  directional  characteristics ,  but  should  be  replaced 
before  transporting  or  storing  the  hydrophone.  Permit  the  temperature  of 
the  hydrophone  to  stabilise  with  that  of  the  water  before  making  any 
measurements . 


Fig.  T2.  Wiring  diagram,  type  H52  hydrophone. 
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Fig.  T3.  Typical  free-field  voltage  sensitivity, 
type  H52  hydrophone;  open-circuit  voltage  at  end 
of  23-m  cable. 
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Fig.  T4.  Typical  equivalent  noise  pressure, 
type  H52  hydrophone. 
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Appendix  U 


Type  H56 
HYDROPHONE 


General  Description 

The  USRD  type  H56  hydrophone  is  an  underwater  sound  measurement  stand¬ 
ard  for  use  in  the  frequency  range  10  Hz  to  65  kHz.  It  was  designed  to 
provide  high  sensitivity  and  low  self  noise  and  thus  permit  the  measure¬ 
ment  of  low  signal  levels.  Figure  U1  is  a  photograph  of  the  hydrophone. 


Fig.  U1 .  USRD  type  H56  hydrophone. 


The  sensor  element  normally  supplied  consists  of  a  capped  length- 
polarized  tube  with  the  area  ratio  3:1  of  end  caps  to  ceramic  tube.  This 
ratio  provides  the  maximum  sensitivity  at  the  lowest  impedance  for  opera¬ 
tion  independent  of  hydrostatic  pressure  to  approximately  6.9  MPa.  The 
upper  frequency  limit  of  operation  for  this  dasign  is  about  65  kHz.  When 
operation  to  100  kHz  is  required,  a  hydrop  ~e  containing  circumferentially 
poled  striped  lead  zirconate-titanate  cylinders  can  be  supplied  on  special 
request  (subject  to  availability).  The  3 : 1-area-ratio  model  provides 
better  reproducibility  from  unit  to  unit  and  better  temperature  independ¬ 
ence  than  does  the  striped-cylinder  model. 

The  hydrophone  usually  is  supplied  with  23  m  of  multiconductor, 
shielded,  neoprene- jacketed  cable  terminated  by  a  type  AN-3106-20-15P  or 
a  Marsh  6  Marine  underwater  connector.  Longer  cables  can  be  used,  how¬ 
ever,  with  a  reduction  in  the  dynamic  range.  The  hydrophone  is  fully 
rubber  covered  to  insulate  all  metal  parts  from  the  water.  A  solid-state 
preamplifier  within  the  transducer  housing  provides  high  input  impedance, 
low  output  impedance,  and  approximately  11  dB  voltage  gain. 


Specifications 

Frequency  range: 

Free- field  voltage  sensitivity 
( nominal ,  at  10  kHz): 

Maximum  hydroetatio  pressure: 

Operating  temperature  range: 

Preamplifier: 


10  Hz  to  <65  kHz  (100  kHz  for  striped 
cylinder) 

-173  dB  re  1  V/yPa  at  the  end  of 
23-m  cable 

6.9  MPa  (690-rn  depth) 

0  to  30°C 

transistorized,  il-dfe  gain 


Preamplifier  output  impedanae: 
Power  requirement: 

Weight  with  23-m  cable: 
Shipping  weight: 


less  than  35  ft  in  series  with  100  yF 
24  V,  7  mA 
6  kg 
14  kg 


Preamplifier 

The  wiring  diagram  for  the  circuitry  associated  with  the  integral 
preamplifier  is  shown  in  Fig.  U2.  The  unbalanced  output  is  connected  to 
a  coaxial  cable  that  is  part  of  the  hydrophone  cable.  The  typical  H56 
hydrophone  voltage  coupling  gain  (the  ratio  in  decibels  of  the  open- 
circuit  voltage  at  the  preamplifier  output  to  the  open-circuit  crystal 
voltage)  is  11.0  ±  1.0  dB  from  30  Hz  to  100  kHz.  Each  hydrophone  con¬ 
tains  a  precision  10-ft  resistor  in  series  with  the  sensor  element  for 
use  in  determining  the  hydrophone  voltage  coupling  gain.  Do  i*ot  apply 
more  than  0.1  V  aoroae  this  resistor  when  making  the  ooupling  measurement. 

To  prevent  exoess  input  voltage  to  the  preamplifier  and  keep  the  dis¬ 
tortion  less  than  1%  at  frequencies  below  30  kHs^  do  not  subject  the 
hydrophone  to  sound  pressure  greater  than  636  yPa  (176  dB  re  1  \iPa) . 

Electroacoustic  Characteristics 

The  free-field  voltage  sensitivity  of  the  type  H56  hydrophone  is 
determined  by  comparison  with  standard  hydrophones  in  free-field  measure¬ 
ments  or  by  the  reciprocity  method.  The  typical  free-field  voltage  sen¬ 
sitivity  for  the  3 t 1-area-ratio  capped-tube  model  is  shown  in  Fig.  U3. 
Individual  calibration  curves  are  provided  for  each  hydrophone  at  the 
time  of  issue. 

The  effect  of  temperature  and  hydrostatic  pressure  on  the  sensitivity 
of  the  H56  hydrophone  has  been  determined  in  closed  tanks  under  controlled 
conditions  of  temperature  and  pressure.  Figure  U4  shows  the  effect  of 
temperature  on  the  sensitivity  of  the  striped  ceramic  tube  sensor  element. 
The  sensitivity  does  not  change  more  than  1.3  dB  at  pressures  to  6.9  MPa. 
Temperature  and  pressure  effects  on  the  3 s 1-area-ratio  capped-tube  sensor 
element  is  less  than  0.75  dB  at  pressures  to  6.9  MPa  and  for  temperatures 
in  the  range  6-29°C. 

Figure  U5  shows  typical  equivalent  noise  pressure  for  the  type  H56 
hydrophone  with  a  100-pF  sensor  element  and  an  open-circuit  crystal  volt¬ 
age  sensitivity  of  -183  dB  ro  1  V/yPa,  The  equivalent  noise  pressure  is 
the  rms  sound  pressure  of  a  sinusoidal  plane  progressive  wave  which,  if 
propagated  parallel  to  the  principal  axis  of  the  hydrophone,  would  pro¬ 
duce  an  open-circuit  signal  voltage  equal  to  the  rms  value  of  the  inherent 
open-circuit  noise  voltage  of  the  hydrophone  in  a  transmission  band  hav¬ 
ing  a  bandwidth  of  1  Hz  and  centered  on  the  frequency  of  the  plane  sound 
wave  (see  ANSI  standards  Si. 1-1960  and  SI. 20-1972). 

The  data  presented  in  Fig.  U5  were  obtained  from  measurements  made 
with  a  1/3-octave  filter,  a  low-noise  transistorized  amplifier,  and  a 


General  Radio  1554-A  sound  and  vibration  analyzer.  The  hydrophone  was 
shock  mounted  within  a  vacuum  bell  that  was  isolated  from  building  vibra¬ 
tions  by  air  shock  mounts. 

Directivity.  Both  models  of  the  hydrophone  are  omnidirectional  within 
±1  dB  in  the  plane  (XY)  normal  to  the  longitudinal  axis  at  frequencies 
below  60  kHz.  The  vertical  (XZ)  plane  directivity  patterns  are  shown  in 
Fig.  U6  for  the  3 : 1-area-ratio  capped-tube  sensor. 

Preparation  for  Use 

Mount  the  hydrophone  in  a  fixture  that  can  be  clamped  around  the  case 
near  the  cable  gland.  The  hydrophone  normally  is  used  with  its  length 
axis  coincident  with  the  Z  axis.  Wash  the  hydrophone  thoroughly  with  a 
wetting  agent  or  a  detergent  to  remove  all  air  bubbles  from  the  boot. 
Permit  the  temperature  of  the  hydrophone  to  "stabilize  with  that  of  the 
water  for  best  calibration  accuracy.  Figure  U7  is  a  dimensioned  outline 
drawing  showing  the  hydrophone  orientation. 

Reference 

T.  A.  Henriquez,  "An  Extended- Range  Hydrophone  for  Measuring  Ocean 
Noise,"  J.  Acoust.  Soc.  Amer.  52,  1450-1455  (1972). 
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Fig.  U2.  wiring  diagram  of  circuitry  associated  with 
the  integral  preamplifier  of  type  H56  hydrophone. 


Fig.  U3,  Typical  free-field  voltage  sensitivity, 
type  H56  hydrophone,  3 » 1-area-ratio  capped-tube 
model?  open-circuit  crystal  voltage  at  the  end  of 
a  23-m  cable. 
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Fig.  U4.  (Right)  Effect  of  tempera¬ 
ture  on  the  free-field  voltage  sen¬ 
sitivity  of  the  striped  ceramic  tube 
model,  type  H56  hydrophone. 
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Fig.  115.  Equivalent  noise  >  <■  type  H56 

hydrophone  (computed  from  ;•  *>♦,  $  \  U-,;.  .measured 
at  the  end  of  a  12-m  cable 
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Fig.  U6.  Directivity  patterns  in  the  vertical 
(X2)  plane  of  type  H56  hydrophone ,  3>l**area~ 
ratio  capped- tube  model. 


FI 9*  U7.  Dimensions 
(in  centimeters)  and 
orientation  of  type 
H56  hydrophone. 
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Appendix  V 


Type  J9 
TRANSDUCER 


General  Description 


The  USRD  type  J9  transducer  is  a  laboratory  standard  underwater  sound 
projector  for  use  in  reciprocity  calibrations  or  as  a  sound  source  for 
the  audio-frequency  range  40  Hz  to  20  kHz.  Figure  VI  is  a  photograph  of 
the  transducer. 


Fig.  VI.  USRD  type  J9  transducer. 

The  4 . 7-cm-diam  diaphragm  is  supported  by  a  novel  rubber  suspension 
system  that  permits  large  linear  movement-  ui  the  diaphragm,  but  offers 
a  high  acoustic  impedance  to  the  region  around  it. 

When  the  transducer  is  submerged,  water  enters  the  rear  compensation 
chamber  and  compresses  the  butyl  rubber  compensation  bag  until  the  inter¬ 
nal  air  pressure  is  equal  to  the  external  water  pressure  on  the  face  of 
the  diaphragm,  which  does  not  then  undergo  any  static  displacement  when 
the  depth  is  changed. 

Each  J9  transducer  normally  is  supplied  with  either  12  or  30  m  of 
shielded  2-conductor  rubber- covered  cable.  The  electrical  connections 
for  the  cable  are  shown  in  Fig.  V2. 

Specifications 

Operating  range:  40  Hz  to  20  kHz 

Reoiproolty  range:  40  Hz  to  20  kHz 

Maximum  power  input:  20  W  above  100  Hz 
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Efficiency : 

Driving  impedance: 
Maximum  depth: 

Weight  with  lS-m  cable: 
Shipping  weight: 


approximately  -32, b  dB  ra  ideal 

23  ft  at  1  kHa 

24  m 
9.1  kg 
16.8  kg 


Electroacoustic  Characteristics 

Typical  transmitting  currant  and  voltage  response  data  for  tha  J9 
transducer  are  shown  in  Pig.  V3. 

Typical  Impedance  data  are  shown  in  Fig.  V4. 

The  acoustic  output  of  the  J9  transducer  is  linear  with  driving  power 
up  to  20  W. 


Power  Limitation 

The  transducer  should  not  be  driven  with  more  than  20  V  or  1.25  A  at 
frequencies  above  100  Hz.  The  displacement  of  the  diaphragm  limits  tha 
driving  power  below  this  frequency.  Monitor  the  waveform  to  prevent 
overdriving  at  frequencies  below  100  Hz  and  reduce  the  driving  voltage 
to  maintain  a  good  wave  form. 


Hydrostatic  Pressure  Compensation 

The  transducer  will  operate  at  depths  to  24  m  with  increasing  reso¬ 
nance  frequency;  below  200  Hz,  the  response  characteristics  change  as  a 
function  of  depth. 

Inflate  the  compensation  bag  with  air  as  dry  as  possible;  do  not 
inflate  by  mouth .  Open  the  small  valve  located  on  the  compensation 
housing  and,  with  the  aid  of  a  small  rubber  or  plastic  tube  and  a  squeeze 
bulb,  gently  fill  the  bag  with  air;  do  not  overinflate.  The  bag  should 
feel  limp  to  the  touch.  After  inflating  the  bag,  alone  the  valve  and 
tighten  it  with  tha  small  key  provided  for  this  purpose. 


Preparation  and  Use 

Figure  V5  is  a  dimensioned  outline  drawing  showing  orientation  of  the 
transducer. 

Support  the  transducer  by  the  mounting  lugs  provided. 

Wash  the  transducer  thoroughly  with  a  wetting  agent  to  aid  in  the 
removal  of  air  on  or  around  the  diaphragm  and  housing.  While  tho  trans¬ 
ducer  is  submerged  in  the  water,  move  it  briskly  from  side  to  side  and 
forward  and  backward  a  few  times  to  help  dislodge  air  bubbles. 

Examine  the  compensation  bag  after  a  few  hours  of  operation  and 
occasionally  thereafter  to  insure  tvat  no  air  leaks  exist. 


Reference 


C.  C.  Sims,  "High-Fidelity  Underwater  Sound  Transducers , "  Proa.  IRE 
47,  866-871  (1959) . 
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Fig,  V2,  (Right)  Cable  oehnea- 
tians  for  typo  J9  transducer, 
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Fig,  V3,  Typical  transmitting  current  and  voltage 
reeponaea,  type  J9  fcrenaduner,  Heeponae  below  0,2 
kHa  la  a  function  of  depth, 


Fig,  V4,  Typical  equivalent  aeriea  imped¬ 
ance,  type  J9  tranaduaer, 
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Ft 9,  VS,  Dinteneione  (in  centimeter*) 
and  orientation  ot  type  JO  trenaduoer. 
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Appendix  W 


Type  J9S 
TRANSDUCER 

WITH  DEEP-SUBMERGENCE  COMPENSATOR  Mod  II 


General  Description: 

The  USRD  type  J9S  transducer  with  deep-submergence  compensator  Mod  II 
la  acoustically  identical  with  tha  standard  J9  at  shallow  depths.  With 
increasing  depth,  however,  the  stiffnaar  of  the  gas  in  the  type  J9  trans¬ 
ducer  causes  the  transmitting  response  to  drop  off  slightly  at  frequencies 
below  300  Hs.  The  deep-submergence  feature  of  the  type  J9S  allows  the 
transducer  to  be  used  to  depths  as  great  as  180  m.  Figure  W1  is  a  photo¬ 
graph  of  the  J9S  transducer. 


Fig.  W1 .  USRD  type  J9S  transducer. 


The  compensator  consists  of  a  1-liter  compressed-gas  cylinder,  a 
first-stage  pressure  regulator,  a  socond-stage  pressure  regulator,  and 
a  pressure-relief  valve.  The  compressed  gas  may  be  either  dry  nitrogen 
or  dry  air.  Dry  nitrogen  gas  is  preferred. 

The  transducer  is  delivered  with  the  deep-submergence  device  attached 
and  ready  for  use. 

Instructions 

Figure  W2  is  a  dimensioned  outline  drawing  showing  orientation  of  the 
transducer. 

Check  to  see  that  the  compressed-gas  cylinder  as  supplied  is  fully 
charged  with  nitrogen  at  12.4  MPa  (1800  psig)  pressure.  Before  lowering 
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the  transducer  into  the  water,  open  the  valve  at  the  compressed-gae 
cylinder  approximately  one  turn  counterclockwise.  Lower  the  transducer 
into  the  water  to  a  depth  of  5  or  6  m.  Should  bubbles  rise  for  more  than 
a  minute,  retrieve  the  transducer,  determine  the  cause  of  the  malfunction, 
and  make  the  repair  indicated.  When  properly  operating,  the  transducer 
should  not  discharge  air  until  a  depth  of  20  to  24  m  has  been  reached. 
Failure  to  compensate  will  cause  flooding  of  the  transducer  and  mechanical 
damage. 

Recharge  the  oompressed^gae  cylinder  after  each  retrieval  to  insure 
that  an  adequate  supply  of  gas  is  available  for  subsequent  use.  The  cyl¬ 
inder  can  be  recharged  by  a  compressor  or  a  cylinder  of  dry  air  or  dry 
nitrogen.  A  charging  hose  is  supplied,  along  with  an  adapter.  The  fit¬ 
ting  on  the  hose  mates  with  a  standard  compressed-air  cylinder;  the 
adapter  is  used  with  compressed-nitrogen  cylinders.  The  maximum  pressure 
to  be  used  is  12.4  MPa  (1800  psig) . 

Operation 

The  operation  of  the  compensation  system  is  similar  to  that  described 
for  the  Jll  transducer  in  NRL  Report  6981  (see  Reference) . 

Figure  W3  shows  the  flow  of  gas  in  the  system.  The  bladder  permits 
compensation  of  the  transducer  at  depth  even  for  changes  in  depth  of 
several  meters  without  calling  for  additional  gas  from  the  high-pressure 
bottle.  This  feature  extends  the  useful  working  time  at  depth  and  elimi¬ 
nates  the  frequency  discharge  of  overpressure  into  the  water. 

Reference 

G.  D.  Hugus  III,  "Pressure-Compensating  System  for  Gas-Filled  Trans¬ 
ducers,"  NRL  Report  6981,  25  Sep  1969  (AD-693  451). 
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Fig.  W 2.  Dimensions  (in  centimeters) 
and  orientation  of  type  J9S  transducer. 


CHICK  VALVE 


Fig.  W3.  Plow  of  gas  in  the  system. 
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Appendix  X 


Type  Jll 
TRANSDUCER 

General  Description 

The  USRD  type  Jll  transducer  is  a  laboratory  standard  underwater 
sound  projector  for  use  In  reciprocity  calibrations  or  as  a  sound  source 
for  the  audio- frequency  range  20  Hz  to  12  kHz.  Figure  XI  is  a  photo¬ 
graph  of  the  transducer. 


Fig.  XI.  USRD  type  Jll  transducer. 

The  10-cm-diam  magnesium  diaphragm  is  supported  by  a  novel  rubber 
suspension  system  that  permits  large  linear  movement  of  the  diaphragm, 
but  offers  a  high  acoustic  impedance  to  the  region  around  it.  The 
diaphragm  is  driven  by  a  large  moving  coll  positioned  in  the  field  of  a 
permanent  magnet-. 

When  the  transducer  is  submerged,  water  enters  the  rear  compensation 
chamber  and  compresses  the  butyl  rubber  bag  until  the  internal  air  pres¬ 
sure  is  equal  to  the  external  water  pressure  on  the  face  of  the  diaphragm, 
which  does  not  then  undergo  any  static  displacement  when  the  depth  is 
changed. 

Each  type  Jll  transducer  is  supplied  with  38  m  of  shielded  2-conduotor 
yellow  Hypalon-covered  cable.  The  electrical  connections  for  the  cable 
are  shown  in  Fig.  X2. 


Specifications 

20  Hz  to  12  kHz 

20  Hz  to  12  kHz 

200  W  above  100  Hz 

approximately  -28  dB 
re  ideal  at  1  kHz 

Driving  impedance:  23  ft  at  1  kHz 

Maximum  depth:  23  m 

Weight  with  38-m  cable:  57  kg 

Shipping  weight:  73  kg 

Electroacoustic  Characteristics 

Typical  transmitting  current  and  voltage  response  data  are  shown  in 
Fig.  X3.  Typical  impedance  data  sure  shown  in  Fig.  X4. 

Power  Limitation 

The  driving  power  should  not  exceed  200  W  at  frequencies  above  100  Hz 
and  must  be  decreased  at  lower  frequencies.  To  prevent  overdriving  below 
100  Hz,  monitor  the  waveform  and  adjust  the  power  to  maintain  a  sine  wave. 
This  limitation  at  low  frequencies  is  imposed  by  the  displacement  of  the 
diaphragm. 

Recommended  maximum  power  for  reciprocity  is  50  W. 

Hydrostatic  Pressure  Compensation 

The  transducer  will  operate  at  depths  to  30  m  with  increasing  reso¬ 
nance  frequency 7  below  100  Hz,  the  response  characteristics  change  as  a 
function  of  depth. 

Inflate  the  compensation  bag  with  air  as  dry  as  possible;  do  not 
inflate  by  mouth.  Open  the  small  valve  located  on  the  compensation  hous¬ 
ing  and,  with  the  aid  of  a  small  rubber  or  plastic  tube  and  a  squeeze 
bulb,  gently  fill  the  bag  with  air;  do  not  overinflate.  The  bag  should 
feel  limp  to  the  touch.  After  inflating  the  bag,  close  the  valve  and 
tighten  it  with  the  small  key  provided  for  this  purpose. 

Preparation  for  Use 

Figure  X5  is  a  dimensioned  outline  drawing  showing  orientation  of  the 
transducer . 

Support  the  transducer  by  the  mounting  lugs  provided.  Wash  the  trans¬ 
ducer  thoroughly  with  a  wetting  agent  to  aid  in  the  removal  of  air  on  or 
around  the  diaphragm  and  housing.  While  the  transducer  is  submerged  in 


Operating  range: 
Reciprocity  range: 
Maximum  power  input: 
Efficiency: 
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tha  water,  move  it  briskly  from  side  to  side  and  forward  and  backward  a 
few  times  to  help  dislodge  air  bubbles. 

Examine  the  compensation  bag  after  a  few  hours  of  operation  and 
occasionally  thereafter  to  insure  that  no  air  leaks  exist. 
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fig.  X2.  (Left)  Cable  connec¬ 
tions  for  type  Jll  transducer. 


Fig.  X3.  Typical  transmitting  current  and  voltage 
responses/  type  Jll  transducer.  Response  below 
0.1  kHz  is  a  function  of  depth. 


Fig.  X4.  (Right)  Typical  imped¬ 
ance,  type  Jll  transducer. 
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Appendix  Y 


Type  J11S 
TRANSDUCER 

WITH  DEEP-SUBMERGENCE  COMPENSATOR  MOD  II 


General  Description 

The  U3RD  type  J11S  transducer  with  deep- submergence  compensator 
Mod  II  is  acoustically  identical  with  the  standard  Jll  at  shallow  depths. 
With  increasing  depth,  however,  the  stiffness  of  the  gas  in  the  Jll 
transducer  causes  the  transmitting  response  to  drop  off  slightly  at  fre¬ 
quencies  below  300  Hz.  The  deep-submergence  feature  of  the  JUS  allows 
the  transducer  to  be  used  to  depths  as  great  as  183  m.  Figure  Y1  is  a 
photograph  of  the  J11S  transducer. 


Fig  Y1 .  USRD  type  JUS  transducer. 

The  compensator  consists  of  a  3-liter  compressed-gas  cylinder,  a 
first-stage  pressure  regulator,  a  second-stage  pressure  regulator,  and  a 
pressure-relief  valve.  The  compressed  gas  may  be  either  dry  nitrogen  or 
dry  air.  Dry  nitrogen  gas  is  preferred. 

The  transducer  is  delivered  with  the  deep-submergence  device  attached 
and  ready  for  use. 

Instructions 

Figure  Y2  is  a  dimensioned  outline  drawing  showing  orientation  of  the 
transducer. 

Check  to  see  that  the  compressed-gas  cylinder  as  supplied  is  fully 
charged  with  nitrogen  at  12.4-MPa  (1800-psig)  pressure.  Before  lowering 
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the  transducer  into  the  water,  open  the  valve  at  the  oompressed-gas 
cylinder  approximately  one  turn  counterclockwise.  Lower  the  transducer 
into  the  water  to  a  depth  of  5  01  6  m.  Should  bubbles  rise  for  more  than 
a  minute,  retrieve  the  transducer,  determine  the  cause  of  the  malfunction 
and  make  the  repair  indicated.  When  properly  operating,  the  transducer 
should  not  discharge  air  until  a  depth  of  20  to  24  m  has  been  reached. 
Failure  to  compensate  will  cause  flooding  of  the  transducer  and  mechanical 
damage. 

Recharge  the  compressed-gas  cylinder  after  each  retrieval  to  insure 
that  an  adequate  supply  of  gas  is  available  for  subsequent  use.  The 
cylinder  can  be  recharged  by  a  compressor  or  a  cylinder  of  dry  air  or  dry 
nitrogen.  A  charging  hose  is  supplied,  along  with  an  adapter.  The  fit¬ 
ting  on  the  hose  mates  with  a  standard  compressed-air  cylinder;  the 
adapter  is  used  with  compressed-nitrogen  cylinders.  The  maximum  pressure 
to  be  used  is  12.4  MPa  (1800  psig) . 

Operation 

The  operation  of  the  compensation  system  is  described  in  NRL  Report 
6981  (see  Reference) . 

Figure  Y3  shows  the  flow  of  gas  in  the  system.  The  bladder  permits 
compensation  of  the  transducer  at  depth,  even  for  changes  in  depth  of 
several  meters,  without  calling  for  additional  gas  from  the  high-pressure 
bottle.  This  feature  extends  the  useful  working  time  at  depth  and  elimi¬ 
nates  the  frequent  discharge  of  overpressure  into  the  water. 

Conservation  of  Compensating  Gas 

Several  tests  were  carried  out  to  determine  the  amount  of  depth 
change  that  can  be  compensated  by  the  rubber  bladder  alone.  At  the 
maximum  depth  of  183  m,  the  rubber  bladder  will  provide  compensation 
for  a  decrease  in  depth  of  115  m.  The  amount  of  compensation  by  the 
bladder  is  reduced  with  decrease  in  operating  depth  as  shown  in  Fig.  Y3. 

Calculations  show  that  if  the  gas  supply  is  fully  charged  to  start 
with,  seven  excursions  can  be  made  from  the  surface  to  183  m  and  back 
before  is  becomes  necessary  to  replenish  the  gas  supply.  The  amount  of 
gas  used  from  the  bottle  for  each  full-depth  excursion  is  based  on  the 
drop  in  bottle  pressure  recorded  during  tests  in  a  pressure  tank. 

The  maximum  pressure  differential  that  occurred  within  the  transducer 
was  not  measured.  The  maximum  value  would  occur  during  rapid  descent  to 
or  ascent  from  operating  depth,  when  the  highest  demands  are  made  on  the 
supply  regulators  and  the  relief  valve.  Maximum  rates  of  descent  and 
ascent  during  the  tests  were  recorded,  however.  The  highest  rate  of 
descent  was  2.53  m/sec;  the  highest  ascent  rate  was  2.8  m/sec.  These 
rates  were  experienced  without  structural  failure  of  the  transducer. 

Reference 

G.  D.  Hugus  III,  "Pressure-Compensating  System  for  Gas-Filled 

Transducers,"  NRL  Report  6981,  25  Sep  1969  (AD-693  451). 
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Type  J13 
TRANSDUCER 

General  Description 

The  USRD  type  J13  transducer  is  a  laboratory  standard  underwater 
sound  transducer  for  use  as  a  c-w  source  in  the  infrasonic  and  audio¬ 
frequency  range  10  Hz  to  3  kHz.  Figure  Z1  is  a  photograph  of  the  trans¬ 
ducer  . 
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Fig.  Z1 .  USRD  type  J13  tra-  iducer. 

The  10-cm-diam,  truncated-cone  diaphragm  is  supported  by  a  novel 
rubber  suspension  system  that  permits  1.2-cm  peak-to-peak  linear  movement 
the  diaphragm,  but  offers  high  acoustic  impedance  to  the  region  around 
it.  The  diaphragm  is  driven  by  a  large  moving  coil  positioned  in  the 
field  of  a  permanent  magnet. 

When  the  transducer  is  submerged,  water  enters  the  rear  compensation 
chamber  and  compresses  the  butyl  rubber  bag  until  the  internal  air  pres¬ 
sure  is  equal  to  the  external  water  pressure  on  the  face  of  the  diaphragm, 
which  does  not  then  undergo  any  static  displacement  for  water  depth  to 
22  m. 

Each  type  J13  transducer  is  supplied  with  a  38-m  length  of  shielded, 

2 -conductor  cable.  The  electrical  connections  are  shown  in  Fig.  Z2. 
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Specifications 

Operating  range: 
Maximum  input  power : 
Bffiaienoy: 

Driving  impedance: 
Maximum  depth: 
Weight: 

Shipping  weight: 


1C  to  3000  Ha 

250  W,  continuous  duty 

approximately  <*25  dB  re  ideal 
at  100  Ha 

35  0  at  100  Ha 

22  m 

55  kg 

88  kg 


Electroacoustic  Characteristics 

Typical  transmitting  current  response  la  shown  in  Fig.  Z3;  typiaal 
impedance  data  are  given  in  Fig.  Z4. 

Power  Limitation 

Above  50  Hz,  the  maximum  input  power  ia  limited  by  the  rate  at  which 
the  heat  generated  in  the  driving  coil  can  be  dissipated,  and  should  not 
exceed  250  W  for  continuous  use.  Sufficient  data  have  not  been  obtained 
to  enable  the  maximum  allowable  continuous-duty  driving  power  to  be 
determined.  Accordingly,  it  is  recommended  that  the  input  power  be 
reduced  or  turned  off  whenever  possible;  do  not  exceed  3  A, 

At  low  frequencies  (below  50  Ha) ,  the  power  limitation  is  imposed  by 
the  allowable  displacement  of  the  diaphragm.  To  prevent  overdriving 
below  50  Hz,  observe  the  output  of  a  monitoring  hydrophone  and  adjust  tine 
power  into  the  transducer  to  maintain  a  waveform  similar  to  that  observed 
at  low  levels.  Take  care  to  avoid  transients  such  as  those  caused  by 
switching  at  the  input  to  the  power  amplifier  when  driving  at  or  near  the 
maximum  input  power. 


Compensation  for  Hydrostatic  Pressure 

Hie  transducer  will  operate  at  depth  to  22  m  with  minor  ohanges  in 
response.  To  determine  the  source  level  accurately,  therefore,  a  cali¬ 
brated  hydrophone  should  be  used. 

inflate  the  compensation  bag  with  air  as  dry  as  possible;  do  not 
inflate  by  mouth.  Open  the  small  valve  located  on  the  compensation  hous¬ 
ing  and,  with  the  aid  of  a  small  rubber  or  plastic  tube  and  a  squeeze 
bulb,  gently  fill  the  bag  with  air;  do  not  overinflate.  The  bag  is 
accessible  through  the  holes  in  the  back  plate  and  should  feel  slightly 
firm  (approximately  13  kPa,  or  2  psig) .  After  inflating  the  bag,  close 
the  valve  and  tighten  it  with  the  small  key  provided  for  this  purpose. 


Preparation  for  Use 

Figure  Z5  is  a  dimensioned  outline  drawing  showing  orientation  of  the 
transducer . 
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Support  the  transrtuaer  by  the  mounting  lugw  provided,  Before  sub¬ 
merging  the  tranadooer,  wash  it  thoroughly  with  e  wetting  agent  to  aid 
in  removing  air  on  or  around  tha  diaphragm  and  the  housing,  While  the 
transducer  ii  in  tha  water,  nova  it  briskly  from  aide  to  aide  a  faw  times 
to  help  dislodge  air  bubble a, 

Kaamina  tha  eompensation  hag  after  a  faw  hours  of  operation  and 
occasionally  thereafter,  to  inaura  tltat  no  air  leaks  eaist, 

Fig,  Z8,  (Right)  Cable  oon» 
naotions  for  type  v?U  trans¬ 
ducer}  d-e  resistance  between 
white  and  black  leads t  88  0 
(appro*) , 
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Fig,  ZJ,  Typical  transmitting  current 
response,  type  J13  transducer  with  30-m 
cable . 


Fig,  Z4.  Typical  impedance,  type  J13 
transducer. 
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Appendix  AA 


Type  01JS 
TRANSDUCER 

WITH  DCEP-SUDMERUENCE  COMPENSATOR  Nod  I! 

Qenerel  Deecrlptlon 

Tha  U8M  type  JIM  traneduoer  with  deep-submergence  oompeneator  Mud  XI 
ia  acouetioally  identical  with  tha  atandard  JU  at  ahaliow  depth*,  with 
increasing  depth,  however,  tha  stiffness  of  tha  gaa  in  the  transducer 
causes  tha  transmitting  responwt  to  drop  off  at  fraquanoiaa  below  300  Ha, 
Tha  dssp-aubmsrgenes  feature  allow*  tha  transducer  to  ha  used  to  daptha 
aa  great  aa  183  at,  figure  AA1  ia  a  photograph  of  tha  JIM  tranadueer, 


Fig.  AA1,  USRD  type  J13S  transducer. 

The  compensator  consists  of  a  3-liter  compressed-gas  cylinder,  a 
first-stage  pressure  regulator,  a  second-atage  pressure  regulator,  and  a 
pressure-relief  valve.  The  oompreeaed  gas  may  be  either  dry  nitrogen  or 
dry  air.  Dry  nitrogen  gaa  ia  preferred. 

The  traneduoer  ia  delivered  with  the  deep-submergence  device  attaohed 
and  ready  for  uea. 

Figure  AA2  is  a  dimansionsd  outline  drawing  showing  the  orientation 
of  the  transducer. 

Instructions 

Check  to  see  that  the  compressed-gas  cylinder  as  supplied  is  fully 
charged  with  nitrogen  at  12.4  MPa  (1800-psig)  pressure.  Before  lowering 
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the  traneduoer  into  the  weter,  epen  th$  twlus  at  th$  &tmpw)Nied-ffgi 
nylindw  approximately  on*  turn  oeunterelookwie* ,  bower  the  transducer 
into  th*  water  to  a  depth  of  8  or  ti  m,  Should  bubble!  ria*  for  more  than 
*  minute,  retrieve  th*  transducer,  determine  th*  qaui*  of  th*  malfunction, 
and  make  th*  repair  indicated,  when  properly  operating,  the  tranaduaer 
•heuid  not  diaoharga  air  until  a  depth  of  20  to  24  m  haa  been  reached, 
failure  to  oowpeneat*  will  oauae  flooding  of  the  tranaduaer  and  neohani* 
oai  damage, 

ftiohaeyn  the  asmpnaaaadf ~qu«  oytUdw  «/t#r  nmh  rvtrivml  to  inaure 
that  an  adequate  supply  of  gee  is  available  for  aubeequent  uae,  The 
cylinder  can  be  reoharged  by  a  oompreaeor  or  a  cylinder  of  dry  air  or  dry 
nitrogen,  A  charging  hoaa  ia  euppliad,  along  with  an  adapter.  The  fit¬ 
ting  on  th*  hoee  matea  with  e  standard  oompreased-air  oylindari  the 
adapter  ia  used  with  oompreeeed-nitrogen  oylindere,  Th*  maximum  preaaur* 
to  be  ueed  ie  12.4  MPa  (1900  paig) . 

Operation 

The  operation  of  the  oomptneation  eyatem  ie  described  for  the  JUS 
tranaduoer  in  th*  refereno*.  Th*  oompenaafcion  eyatem  ueed  with  the  J13S 
ie  identioal. 

Figure  AA3  ahows  the  flow  of  gee  in  the  eyatem.  The  bladder  permits 
compensation  of  the  tran«duoer  at  depth  even  for  ohangea  in  depth  of 
several  raetera  without  oalling  for  additional  gaa  from  the  high-presaura 
bottle.  Thia  feature  extends  the  useful  working  time  at  depth  and  elimi¬ 
nate  a  the  frequent  diaoharge  of  overpressure  into  the  water. 

Conservation  of  Compensating  Gas 

Several  tests  were  oarried  out  to  determine  the  amount  of  depth  ohange 
that  can  be  compensated  by  the  rubber  bladder  alone.  At  the  maximum  depth 
of  193  m,  the  rubber  bladder  will  provide  compensation  for  a  decrease  in 
depth  of  115  m.  The  amount  of  companaation  by  the  bladder  ie  reduced 
with  deorease  in  operating  depth  as  shown  in  Fig.  AA4. 

Calculations  show  that  if  the  gas  supply  is  fully  ahargad  to  start 
with,  seven  excursions  can  be  mads  from  the  surface  to  183  m  and  back 
before  it  becomes  necessary  to  replenish  the  gas  supply.  The  amount  of 
gas  used  from  the  bottle  for  each  full-depth  excursion  is  based  on  the 
drop  in  bottle  pressure  recorded  during  tests  in  the  pressure  tank. 

The  maximum  pressure  differential  that  occurred  within  tho  transducer 
was  not  measured.  The  maximum  value  would  occur  during  rapid  descent  to 
or  ascent  from  operating  depth,  when  the  highest  demands  are  made  on  the 
supply  regulators  and  the  relief  valve.  Maximum  rates  of  descent  and 
asaanfc  during  the  tests  were  recorded,  however.  The  highest  rate  of 
descent  was  2.53  m/sec >  the  highest  ascent  rate  was  2.8  m/sec.  These 
rates  were  experienced  without  structural  failure  of  the  transducer. 

Reference 


G.  D.  Hugus,  III,  "Pressure-Compensating  System  for  Gas-Filled  Trans¬ 
ducers,"  NRL  Report  6981,  25  Sep  1969  [AD-693  45l]. 
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Fig,  AA2,  (Right)  Dimen¬ 
sions  (in  centimeters)  and 
orientation*  type  J13S 
transducer. 
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Fig.  AA3.  Gas  flow  in  the  system. 


Fig.  AA4.  (Right)  Relation  of  compensable 
upward  heave  to  maximum  working  depth/ 
bype  J13S  transducer. 
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Appendix  BB 


Typ«  015*1 
TRANSDUCER 


Gintral  Description 

The  usrd  type  J15-1  transducer  is  s  atsndsrd  underwater  sound  trans- 
duosr  for  uss  as  s  c-w  souros  in  ths  infrssonio  and  low  audio-frequency 
re  ge  10  to  900  He.  Figure  BB1  is  a  photograph  of  the  transduosr. 


Fig.  BB1 .  USRD  type  J15-1  transducer. 

The  10-cm-diam,  truncated-cone  diaphragm  is  supported  by  a  novel 
rubber  suspension  system  that  permits  1.2 -cm  peak-to-peak  linear  movement 
of  the  diaphragm,  but  offers  high  acoustic  impedance  to  the  region  around 
it.  The  diaphragm  is  driven  by  a  large  moving  coil  positioned  in  the 
field  of  a  permanent  magnet. 

When  the  transducer  is  submerged,  water  enters  the  rear  condensation 
chamber  and  compresses  the  butyl  rubber  bags  until  the  internal  air  pres¬ 
sure  is  equal  to  the  external  water  pressure  on  the  face  of  the  diaphragm, 
which  does  not  then  undergo  any  static  displacement  for  water  depth  to 
165  m. 


Each  type  JXS-1  transducer  is  supplied  with  up  to  163  m  of  shielded, 
2-conductor  cable.  The  electrical  connections  are  shown  in  Fig.  BB2. 

Specifications 

Operating  rang*: 

Maximum  input  power: 

Loaded,  impedanoe: 

Maximum  depth: 

Weight: 

Shipping  weight: 

Electroacoustic  Characteristics 

Typical  transmitting  current  response  is  shown  in  Fig.  BB3,  typical 
impedance  data  are  given  in  Fig.  BB4.  Measurements  are  made  unbalanced 
with  the  shield  and  black  lead  connected  together. 

Power  Limitation 

Above  50  Hz,  the  maximum  input  power  is  limited  by  the  rate  at  which 
the  heat  generated  in  the  driving  coil  can  be  dissipated,  and  should  not 
exceed  250  W  for  continuous  use.  Sufficient  data  have  not  been  obtained 
to  enable  the  maximum  allowable  continuous-duty  driving  power  to  be 
determined.  Accordingly,  it  is  recommended  that  the  input  power  be 
reduced  or  turned  off  whenever  possible;  do  not  exceed  3  A. 

At  low  frequencies  (below  50  Hz) ,  the  power  limitation  is  imposed  by 
the  allowable  displacement  of  the  diaphragm.  To  prevent  overdriving 
below  50  Hz,  observe  the  output  of  a  monitoring  hydrophone  and  adjust  the 
power  into  the  transducer  to  maintain  a  waveform  similar  to  that  observed 
at  low  levels.  Take  care  to  avoid  transients  such  as  those  caused  by 
switching  at  the  input  to  the  power  amplifier  when  driving  at  or  near  the 
maximum  input  power. 

Compensation  for  Hydrostatic  Pressure 

The  transducer  will  operate  at  depth  to  165  m  with  some  changes  in 
response.  To  determine  the  source  level  accurately,  therefore,  a  cali¬ 
brated  hydrophone  should  be  used. 

Inflate  the  compensation  bag  with  air  as  dry  as  possible;  do  not. 
inflate  by  mouth.  Open  the  small  valve  located  on  the  compensation  hous¬ 
ing  and  gently  fill  the  bag  with  air;  do  not  overinflate.  The  bag  is 
accessible  through  the  holes  in  the  back  plate  and  should  feel  slightly 
firm  (just  slightly  above  atmospheric  pressure) .  After  inflating  the 
bag,  insert  the  plug  and  tighten. 

Preparation  for  Use 

Figure  BB5  is  a  dimensioned  outline  drawing  of  the  transducer. 


10  to  900  Hz 

250  W,  continuous  duty  (50-600  Hz) 
35  fi  at  100  Hs 
165  m 
46  kg 
80  kg 
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For  proper  operation ,  the  J15-1  must  be  mounted  with  the  driving  face 
looking  toward  the  water  surface.  Mounting  in  any  other  position  will 
prevent  proper  compensation  and  free  movement  of  the  driven  diaphragm. 

Before  submerging  the  transducer,  wash  it  thoroughly  with  a  wetting 
agent  to  aid  in  removing  air  on  or  around  the  diaphragm  and  the  housing. 
While  the  transducer  is  in  the  water,  move  it  briskly  from  side  to  side 
a  few  times  to  help  dislodge  air  bubbles. 

Examine  the  compensation  bag  after  a  few  hours  of  operation  and 
occasionally  thereafter,  to  insure  that  no  air  leaks  exist. 


Fig.  BB2.  (Right)  Cable  connections 
for  type  J15-1  transducer;  d-c  resist¬ 
ance  between  white  and  black  leads: 

25  ft  (approx) . 
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Fig.  BB3.  Typical  transmitting  current  response, 
type  J15-1  transducer. 
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Appendix  CC 


Type  J 1 5-3 
TRANSDUCER 


General  Description 

The  USRD  type  J15-3  transducer  is  a  standard  underwater  sound  trans¬ 
ducer  for  use  as  a  c-w  source  in  the  infrasonic  and  low  audio-frequency 
range  10  to  600  Hz.  The  transducer  consists  of  three  driven  diaphragm 
assemblies.  Each  of  the  10-cm-diam,  truncated-cone  diaphragms  is  sup¬ 
ported  by  a  novel  rubber  suspension  system  that  permits  1.2-cm  peak-to- 
peak  linear  movement  of  the  diaphragm  but  offers  high  acoustic  impedance 
to  the  region  around  it.  The  diaphragm  is  driven  by  a  large  moving  coil 
positioned  in  the  field  of  a  permanent  magnet,  t'igure  CC1  is  a  photo¬ 
graph  of  the  transducer. 


Fig.  CC1.  USRD  type  J15-3  transducer. 

When  the  transducer  is  submerged,  water  enters  the  rear  compensation 
chamber  and  compresses  the  butyl  rubber  bags  until  the  internal  air  pres¬ 
sure  is  equal  to  the  external  water  pressure  on  the  face  of  the  diaphragm, 
which  does  not  then  undergo  any  static  displacement  for  water  depth  to 
180  m. 


Each  type  J15-3  transducer  is  supplied  with  up  to  200  m  of  2-  or 
6-conductor  cable.  The  electrical  connections  are  shown  in  Fig.  CC2. 

A  separate  signal  source  can  drive  each  of  the  three  diaphragms,  or  they 
may  be  connected  electrically  in  series  and  driven  from  a  single  source. 

Specifications 

Operating  range: 

Maximum  input  power 
Total  power: 

Eaoh  diaphragm  assembly: 

Loaded  impedance  (100  Hz): 

Weight: 

Shipping  weight: 

El ectroacousti c  Characters  sti cs 

Typical  transmitting  current  response  is  shown  in  Fig.  CC3 ;  typical 
impedance  data  are  given  in  Figs.  CC4  and  CC5.  Measurements  are  made 
unbalanced  with  the  shield  and  black  lead  connected  together. 

Power  Limitation 

Above  50  Hz,  the  maximum  input  power  is  limited  by  the  rate  at  which 
the  heat  generated  in  the  driving  ooil  cam  be  dissipated  and  should  not 
exceed  250  W  total  for  continuous  use.  Sufficient  data  have  not  been 
obtained  to  enable  the  maximum  allowable  continuous-duty  driving  power  to 
be  determined.  Accordingly,  it  is  recommended  that  the  input  power  be 
reduced  or  turned  off  whenever  possible;  do  not  exceed  3  A. 

At  low  frequencies  (below  50  Hs) ,  the  power  limitation  is  imposed  by 
the  allowable  displacement  of  the  diaphragm.  To  prevent  overdriving 
below  50  Hz,  observe  the  output  of  a  monitoring  hydrophone  and  adjust  the 
power  into  the  transducer  to  maintain  a  waveform  similar  to  that  observed 
at  low  levels.  Take  care  to  avoid  transients  such  as  those  caused  by 
switching  at  the  input  to  the  power  amplifier  when  driving  at  or  near  the 
maximum  input  power. 

Compensation  for  Hydrostatic  Pressure 

The  transducer  will  operate  at  depth  to  180  m  with  some  changes  in 
response.  To  determine  the  aourae  level  accurately,  therefore,  a  cali¬ 
brated  hydrophone  should  be  used. 

Inflate  the  compensation  bag  with  air  as  dry  as  possible;  do  not 
inflate  by  mouth.  Remove  the  cap  at  the  T  fitting  located  on  top  of  the 
compensation  housing  and  gently  fill  the  bags  with  air;  do  not  over¬ 
inflats.  The  bags  are  accessible  through  the  holes  in  the  back  plate  of 


10  to  600  Hz 

750  W,  continuous  duty  (50-600  Hz) 
250  W 

K  110  ft,  all  in  series;  35  ft, 
each  assembly 

170  kg 

223  kg 


N 


each  tubular  housing  and  should  feel  slightly  firm  (just  slightly  above 
atmospheric  pressure).  After  inflating  the  bag,  replace  the  cap  and 
tighten.  Excess  pressure  can  damage  the  diaphragm  assemblies. 

Preparation  for  Use 

Figure  CC6  is  a  dimensioned  outline  drawing  of  the  transducer. 

For  proper  operation,  the  J15-3  must  be  mounted  with  the  driving 
face  looking  toward  the  water  surface.  Mounting  in  any  other  position 
will  prevent  proper  compensation  and  free  movement  of  the  driver, 
diaphragms . 

Before  submerging  the  transducer,  wash  it  thoroughly  with  a  wetting 
agent  to  aid  in  removing  air  on  or  around  the  diaphragm  and  the  housing. 
While  the  transducer  is  in  the  water,  move  it  briskly  from  side  to  side 
a  few  times  to  help  dislodge  air  bubbles. 

Examine  the  compensation  bag  after  a  few  hours  of  operation  and 
occasionally  thereafter  to  insure  that  no  air  leaks  exist. 


Fig.  CC2.  (Right) 

Cable  connections,  type 
J15-3  transducer. 


For  terlet  connection  of  drtrer  ettembly  colli,  connott  pin  7  to  Din  4 
md  pin  ]  to  pin  $.  The  Input  then  »1tl  pe  pint  1  end  6. 

The  d-c  retlttince  for  tenet  connection  It  7$ 

The  drlrert  mutt  Pe  ‘n  phete.  Check  thlt  py  jently  prettlng  on  eech 
heed  end  reeding  the  deflection  on  .  meter  f*e  three  heedt  \it 
deflect  In  the  time  direction. 


Fig.  CC3.  (Right) 

Typical  transmitting  cur¬ 
rant  rasponsa,  typa  J15-3 
transducer. 
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Appendix  DO 


COORDINATE  SYSTEM  FOR  TRANSDUCER  ORIENTATION 

Hit  coordinate  system  shown  in  the  sketch  helew  is  assigned  to  the'  trans¬ 
ducer  and  mevea  with  it,  regardless  of  ita  physical  position,  The  angle 
I  is  *  depression  angle  measured  Iran  aha  ♦!  axiai  the  angle  A  la  aaimuth 
angle  in  sonar  operation, 

Hatp&ntt  and  e#H«itiuity  measurements  art  mada  with  sound  propagated  par¬ 
allel  to  tha  poaitivt  X  axis  unlaaa  otherwise  specified,  Transducers  art 
oriantad  aa  toll owat 

Active  Acoustic 

...  .  aslaau&sEU _ ~ _ __ _ - 

Cylinder  Tha  cylindrical  axis  ia  tha  A  axis,  A  rafaranca  mark 
tar  another  axis  ia  specified, 

Plana  Tha  plana  (nr  platan)  feat  ia  in  tha  Yl  plana ,  with 

tha  X  aria  normal  to  tha  face  at  tha  geometric  oantar, 
Tha  top  of  tha  transducer  ia  in  the  *»  direction. 

Sphere  Specify  points  on  tha  surface  for  any  two  of  tha  three 

axes, 

Other  Provide  a  sketch  of  nonconforming  configurations  and 

of  feat  acoustic  canters. 


Directivity  Pattern* i  Unlaaa  otherwise  apaoitiad,  the  following  apply < 
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